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AMERICAN IRON AND STEEL 
INSTITUTE 


TWENTY-NINTH GENERAL MEETING 
New York, May 21, 1926 


The Twenty-ninth General Meeting of the American 
Iron and Steel Institute was held at the Hotel Commodore, 
New York City, on Friday, May 21, 1926. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the large 
number present, the morning session was held in the Grand 
Ballroom. The afternoon session was held in the East 
Ballroom. The evening session, which included the semi- 
annual dinner, was held in the Grand Ballroom. The 
sessions were devoted to the reading and discussion of 
papers dealing chiefly with problems of metallurgy and 
business. 

On the following page will be found the program of the 
meeting. Judge Gary, President of the Institute, presided 
at the opening of the morning session. At the close of Mr. 
Diehl’s paper, Judge Gary requested Mr. John A. Topping, 
Vice-President of the Institute, to take the chair. At the 
request of the President, Mr. E. A. 8. Clarke, Secretary of 
the Institute, presided during the afternoon session. Judge 
Gary acted as toastmaster at the banquet in the evening. 
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EVENING SESSION 


Impromptu Remarks in Response to Call of the President. 


ADDRESS OF THE PRESIDENT 


EvBert H. Gary 
Chairman, United States Steel Corporation, New York, N. Y. 


Gentlemen, again I must thank you for your cordial 
reception. You are always generously kind. You have been 
exceedingly patient all these years, and you have been faith- 
ful to a very good cause and to a very good Institute. You 
_ are the ones who make it important and successful; you show 
an appreciation of opportunities that is remarkable; and 
upon you, in the long future, the success of this Institute 
must depend. 

Lack of time has prevented my preparing very much to 
say to you this morning. I am not going to make any apolo- 
gies; I never do; if I commenced I would be indulging in 
apologies all the time. I know that you will accept what you 
get with good grace and that you will overlook anything 
that is lacking. 

We have the great honor this morning of having with us 
Lord Ednam of Great Britain. He will be at the banquet 
tonight, and will say a few words to us at that time. He is 
very much interested in the iron and steel industry. His 
father, Lord Dudley, you know of very well. In certain lines 
connected with the steel business they have been quite prom- 
inent for a good many years. Lord Ednam, with Lady 
Ednam, is visiting this country for pleasure and pastime, and 
also in order to see something of what is going on here. I am 
not going to burden him by asking him to say anything this 
morning; but I would like to have you know him and I would 
like to have him know you. Lord Ednam. 

After Lord Ednam acknowledged this introduction, Judge 
Gary proceeded: 


12 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


LABOR 


It is believed to be appropriate just at this time to indulge 
in a few remarks concerning the recent labor strike in Eng- 
land, notwithstanding the general subject is delicate and 
must be discussed, if at all, with discretion and modera- 
tion. I am afraid it is not so recent; I fear it is not yet 
quite ended. 

We rejoice that the opposing interests seem to have 
emerged from what appeared to be conditions approach- 
ing serious controversy without leaving any unhealed or 
incurable wounds or bitterness. We congratulate all who 
participated in bringing this about.. The whole world is akin, 
and whatever severely hurts one part to a greater or lesser 
extent is felt in the other parts. This is especially true of 
Great Britain and the United States, for many and obvious 
reasons which will not now nor need be discussed or mentioned. 

A few pertinent suggestions may be emphasized. No 
important dispute between different interests, national or 
international, can be finally settled unless the conclusion is 
both righteous and logical. Perhaps if it is either, it is neces- 
sarily both. This point might be elaborated. It is sufficient 
at present to say that we believe if any decision is actually 
right and just, it is logical, and vice versa. Also, to secure and 
insure both, the results and the means of approach must be 
in accordance with the principles and precepts of law and 
order; otherwise the embers of discord and dissatisfaction 
will slumber and sometime, sooner or later, will likely kindle 
and flame for future and further trouble. 

The Kingdom of Great Britain is noted for its respect 
for and enforcement of law and order. For this it has been, 
still is and will remain a shining example to the whole world. 
Possibly it has made and will make exceptional mistakes. 
This is true of all nations, all collections: of people and all 
individuals; but for final, continuous and lasting solutions, 
all must adopt the rule of righteousness and the rule of 
reason, both in one, each in both. 

We are not sufficiently acquainted with the facts in 
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detail to intelligently discuss the late unpleasantness con- 
cerning the labor questions under especial consideration 
in England. We have no desire to make the attempt. We 
may say we hope for immediate, permanent and uninter- 
rupted peace and friendship between employers and employ- 
ees all over the world. There is every good reason in favor’ 
of it and no good reason against it. Both always gain as 
a result of it. Both lose when it does not exist. Labor can- 
not prosper or live without it; and likewise as to capital 
and employers. Self-protection and material advancement, 
comfort and happiness, should compel both to strive for 
industrial peace at all times. From our innermost consciences 
and highest mentality we must make application of these 
basic principles. 

According to the public prints, it has recently been stated 
by a leading, and, as I believe, an intelligent labor leader and 
very good citizen, that many of the employers of this country 
will not permit collective bargaining in behalf of employees. 
This statement is not strictly accurate, unless it was intended 
to say only that certain employers refuse to participate in 
negotiations for labor conditions and terms with men claim- 
ing to speak for groups of workmen they do not really 
represent. In such cases, in order to properly discuss and 
intelligently consider the questions involved, all the facts 
must be disclosed. Generally there are two reasons, at least, 
for the attitude assumed. First, confining our attention to 
the United States, the groups of men, through their alleged 
agents, are not, nor will agree to be, subjected to any kind 

of governmental supervision, investigation or control, such 
as is required of employers. Their form of association, 
their decisions, their collection and distribution of monies, in 
short, all their methods and acts are not disclosed to the 
public, and, as a rule, the rank and file have little to say and 
do not have much information in advance as to what their 
leaders, so called, expect to do in regard to their welfare, 
or what money is to be raised or expended or when or how 
it will be used. Nor is any account rendered to those who 
contribute. Usually they have no voice in the question 


14 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


of whether they shall be required to strike or allowed 
to work. " 

Again, if there is a strike, in many if not most cases, as 
appears in published accounts, and the strike is prolonged, 
or if men not desiring to participate in the strike attempt to 
work where plants are idle, either because they need the 
wages for support of family or otherwise, then intimidation 
and brute force are resorted to, resulting in destruction of 
property and the injury of person. The men are forcibly 
kept from working. 

Men have the right to act collectively. No employer can 
or should attempt to prevent this so long as all laws are 
complied with, otherwise than by withholding employment 
or by discontinuance of operations. This the employers have 
the right to do, so long as they observe all the provisions 
of the laws. 

Tt is not now intended to discuss in detail, or in the main, 
labor questions, or the results of labor management. For 
the last few years the reading public in our country at least 
has been kept fully informed concerning the conditions 
existing. There is no desire or intention to provoke discus- 
sion, much less controversy, nor to do more than hint at the 
position and disposition of employers in this country. 

It may and should be said that the employers in the 
United States generally stand for fair and liberal treatment 
of employees. They believe in the open shop, which permits 
a man to work whenever and wherever he is disposed and 
can agree with the employer. They insist labor should 
always receive proper and adequate compensation, depend- 
‘ing upon the financial ability of the employer and the results 
of the busmess; that the employee should be humanely 
treated; that the welfare of the employee and his family 
should be of high and constant consideration by the employer; 
that his person, his health, his comfort, should be protected 
and safeguarded; that he should be considered an associate 
and not an inferior; that so far as practicable he should be 
given an opportunity to purchase an interest in the business 
he is connected with, having the same rights, advantages and 
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responsibilities and standing on the same basis as all other 
stockholders; also that he should be subjected to the same 
restrictions concerning behavior, attitude and accountability 
to the laws that relate to the employer. We do not believe 
that he should be entitled to a voice in the managemient of 
the employer’s property or business unless he has a pecuniary 
interest and corresponding responsibility. It would not be 
logical or right if one should claim and receive, without vol- 
untary consent of the owner, the right to manage the property 
or business of the latter, without liability or obligation for 
results—whether it be in the factory, the shop, the office or 
the dwelling. 

It may truthfully be said that labor generally in the 
United States is well cared for and is contented. In some lines 
or places it is overpaid; in some instances perhaps underpaid, 
though it is hoped and believed such cases, if any exist, are 
exceptional and will be rectified. 

We recently had the pleasure of receiving a visit by 
distinguished representatives of interests abroad who are 
making a serious study of our labor conditions. Many of us 
opened our doors to these investigators. It is hoped none 
refused to admit them. 

On platforms that are just, that are founded on the prin- 
ciples herein discussed, we shall be pleased to codperate 
with our foreign brethren. We are confident that on any rad- 
ically different basis there will not for long be maintained 
perfect peace and continuous progress and prosperity. 

In this brief discussion, your president claims to represent 
only his individual opinion, although he is of the belief that 
the views of most of those present have been expressed. 


BUSINESS CONDITIONS 


It is useful and interesting to know accurately and to 
learn facts relating to present conditions in any line of indus- 
try; all would be still better pleased if it were practicable 
to ascertain in advance what is going to happen in the future. 
The first is not difficult. The second is impossible, and we are 
left to mere conjecture, which must be based on past history, 
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on existing circumstances, and on the fundamentals on which 
present and future business rests. 

Speaking of the iron and steel industry and confining 
the subject to the United States Steel Corporation (because 
I do not have the figures for others at hand) which is more 
or less indicative of the general steel industry in this country 
in the following figures will be found evidence bearing upon 
business conditions: 


Tons Per 
ay 
New bookings for the current month. .............. 30,300 
New bookings for same period last month.......... 29,600 
New bookings for same period last year............. 18,900 
New bookings from January 1, 1926, todate........ 38,700 
New bookings from January 1, 1925, to correspond- 
ine date last year... .«..-.-0 vey seen ee ee a 41,100 
New bookings during the lowest consecutive five 
months in the history of the Corporation. ........ 7,650 
Shipments for the current month.................. 45,200 
Shipments for same period last month.............. 47,900 
Shipments for same period last year................ 43,100 
Shipments from January 1, 1926, todate........... 49,500 
Shipments from January 1, 1925, to corresponding 
date last year... oo... ae oe ee 47,000 
Shipments during the lowest consecutive five months 
in the history of the Corporation. ............... 18,100 


From these comparative figures you get substantially 
what our business now is generally, as compared with the 
long past and different periods. And also when you con- 
sider the percentage of the business of the Steel Corporation 
as compared with the others, then you will know what the 
application is. 

The basic industrial conditions of this country at the 
present time, taking into account all that could be truth- 
fully said for and against, are very much better than on the 
average, and on the whole, about as good as they have ever 
been, perhaps better. 
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We are at peace with all the nations of the globe, and 
this is likely to continue. Labor conditions are generally 
peaceful and quiet. Labor is well treated and is appreciative. 
‘The attitude of the present labor leaders, so-called, is much 
better than it has been the larger part of the time during the 
past twenty-five years. The intention and effort of employers 
towards employees are considerate and just. The same may 
be said of employees toward employers. Harmony prevails 
between these two interests, which is essential to the prog- 
ress and prosperity of both, and it is expected will continue. 
Money is plentiful, the per capita circulation is very large, 
interest rates are low, and every responsible, worthy applicant 
finds no difficulty in obtaining funds for legitimate enterprise. 
The banks are strong and well managed, the bankers are fair 
and accommodating and have the full confidence of the gen- 
eral public. The people are at work; they are disposed to econo- 
mize; they are, in the main, sober and law-abiding, and not 
inclined towards extravagance, although there are striking 
exceptions manifested in some localities. As a rule, wages are 
fair and reasonable, though in certain lines are outrageously 
high. The law of supply and demand will sooner or later 
bring these matters to a just and proper regulation. 

The governmental administration, the disposition of the 
Congress of the United States, and the attitude of public 
officials throughout the country generally are much better than 
they were in past periods; and they are to be commended. 

From the crop outlook, according to latest advices, we 
now expect a net total result that will demonstrate more ~ 
conclusively than ever before how rich, in resources on hand 
and in future prospects, this country really is. 

The climate of the United States is superior, and the 
average health of the people is good and improving. 

It may justly be said that a large majority of the people 
of the United States are studious, industrious, progressive, 
consistent, law-abiding and friendly towards all the peoples 
of the world; and they have great reason for gratitude towards 
a merciful Providence. 

It is up to all business men to appreciate what is offered 
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to us and to do our full part in maintaining satisfactory 
conditions. 


JupGEe Gary: We shall now have the pleasure of listen- 
ing to Mr. C. W. E. Clarke on the subject of ‘‘ Modern Steam 
Power Stations.”’ 

The chairman especially requests those who have any- 
thing to sell to remain in this room, so that those who are 
going out will not have an opportunity to talk with them. 


MODERN STEAM POWER STATIONS 


C. W. E. Cuarke and D. L. GatusHa 
Dwight P. Robinson & Company, New York, N. Y. 


With steel mill electrification in some cases already an 
accomplished fact and in many others practically a settled 
policy for gradual future development, an increased interest 
by members of the steel industry in the economical produc- 
_ tion of electric energy naturally follows. The requirements 
for such energy in increasingly large amounts lead the power 
engineer in the steel industry to a survey of the methods used 
in the larger, recently constructed steam power stations for . 
the production of electric energy more cheaply and with a 
greater measure of reliability. That there has been a con- 
sistent and marked reduction in operating costs is evident 
from a survey of the records of some of the leading corpora- 
tions which produce large quantities of power. Two examples 
showing this trend are the Commonwealth Edison Company 
of Chicago and the Duquesne Light Company of Pittsburgh. 
Fig. 1, made up from data, extending from the year 1900 to — 
date, taken from Wm. S. Monroe’s paper, read at the Mid- 
west Power Conference, January, 1926, shows the decrease 
in B.T.U. per kilowatt-hour generated by the Common- 
wealth Edison System over the period. This curve extends 
back into the period of reciprocating prime movers, and the 
sharp drop at the start is due largely to the introduction of 
turbines, automatic stokers, and to the increased size of 
prime movers. Fig. 2 gives the reduction in heat required 
per kilowatt-hour for the Duquesne Light Company System 
for a period of ten years. Fig. 3 is especially interesting, in 
that it shows what has been accomplished in the development 
of a single power station, the Colfax Station of the Duquesne 
Light Company, by taking advantage of the advance of the 
art in the progressive construction of the plant. In this case 
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B.T.U PER KW.H. 


1900 1902 1904 1906 1908 1910 1912 1914 1916 1918 1920 1922 1924 1926 


Fra. 1.—B. T. U. per Kilowatt-Hour Generated (Assumed B. T..U. per pound 
of coal=10,100), The Commonwealth Edison Company System. 
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Fie. 2.—B. T. U. per Kilowatt-Hour Generated (Assumed B. T. U. per pound 
of coal=13,100), Duquesne Light Company System. plies 
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the decrease in heat rate has been accomplished along with 
a decreased capital cost per kilowatt. 

A number of definite factors are responsible for the 
accomplishment of these improvements in efficiency. These 
factors may be divided into: 

1. Refinement and perfection of existing types of 
equipment. 

2. Development of new heat cycles, new methods of 
‘firing, etc., and new kinds of equipment. 
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Under the first heading belongs the refinement in turbine, 
condenser, pump, stoker and fan design. This development 
has reached at present a high state of perfection, and only 
a comparatively small increase in efficiency may be expected 
in the future from this source. 

Increase in steam power station efficiency from other 
causes, as generalized under the second heading, include 
higher steam pressures, reheating of the steam between 
turbine stages, pulverized fuel firing, new furnace designs 
allowing of higher temperatures, stage bleeding of the main 
turbines, new methods of flue gas heat reclamation, etc. 
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Other recent developments in power station design tend 
to reduce capital cost, maintenance and operating labor. 
Among these are greatly increased rates of evaporation in 
boilers, made possible by the use of evaporated make-up 
for boiler feed water, and the effect of the regenerative cycle 
on boiler capacity required, simplification of electrical equip- ; 
ment, new methods of handling ashes, etc. 

The possibility of increasing the efficiency of the steam 
turbine by the use of higher initial pressures has been realized 


PERCENT 


PRESSURE IN HUNDREDS OF POUNDS 
Fra. 4.—Rankine Cycle Efficiency (700° F. Steam Temperature; 29’ Vacuum). 


for a long time. The somewhat slow progress made until 
recently is due largely to the fact that the design of boiler 
equipment, piping and valves for the higher ranges of pres- 
sure had to be gradually developed and standardized. The 
fact that no marked increase in steam temperature at the 
throttle has occurred in the last ten years is due to the limi- 
tation of about 700° F. maximum for safe and economical 
use with the metals and alloys so far produced for the blading 
and rotating parts of turbines and similar equipment. In 
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the search for methods of improving turbine efficiency 
increase of pressure with somewhat less superheat, in order 
to maintain the limiting temperature of 700° F., has been 
resorted to of necessity. With increasing initial pressure and 
constant steam temperature of 700° F., the rate of increase 
in heat energy per pound of steam which is available by 
adiabatic expansion to a 29 inch vacuum becomes less. The 
effect of this on the theoretical Rankine cycle efficiency is 
shown in Fig. 4. The actual thermal efficiency of the system 
depends on how closely the efficiency of the turbine can 
approach the Rankine. With types of turbine design so far 
developed, the efficiency falls off at an increasing rate as the 
initial pressure rises. This decrease is due to increased 
sealing gland and interstage leakage loss and increased steam 
friction, due to the advancement of the dew point toward the » 
high-pressure end of the machine: The net effect of this is 
that, unless superheat is restored to the steam after partial 
expansion, the station efficiency increases up to about 600 
pounds initial pressure and then begins to drop off. If 
reheating of steam between stages is resorted to, a gain in 
efficiency for pressures higher than this can be realized. The 
600 pound per square inch limit for the efficient use of 700° F. 
steam. without reheating applies to a condensing turbine 
plant. In the cases where a turbine is used as a reducing 
valve for the production of by-product power, as will be 
referred to further on, this limit does not hold. 

Two examples of central stations now in operation using 
throttle pressures of 550 pounds per square inch are *the 
Crawford Avenue Station of the Commonwealth Edison 
Company, Chicago, and the Philo Station of the Ohio Power 
Company, Philo, Ohio. A number of recent stations are 
operating with throttle pressures from 350 to 400 pounds per 
square inch. One plant, the Edgar Station of the Boston 
Edison Company at Weymouth, Mass., has one boiler anda 
small turbine operating at 1200 sent per square inch, and 
the Milwaukee Electric Railway and Light Company mae 
under construction a 1200-pound unit. m 

Reheating, just mentioned in connection with higher 
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steam pressures, has been used at Crawford Avenue and 
Philo and also in connection with the 1200-pound system at 
the Edgar Station. This involves taking all of the steam after 
it has passed through the high-pressure stages of the turbine 
and adding superheat, in order to cut down the moisture 
losses in the lower turbine stages and increase the heat 
available per pound of steam. In the cases cited, this reheat- 
ing is done by means of reheat superheaters in some of the 
boilers. Other methods, such as reheating by means of 
‘superheated steam or by flue gas, have been considered but 
the physical difficulties involved in such schemes are con- 
siderable. While there is & possible gain in the turbine itself 
of the order of 3 per cent. due to the superheated steam in the 
lower stages, the pressure loss in extracting steam, carrying 
it to the boilers and back is likely to be excessive unless the 
steam lines and the reheating equipment are very large and 
costly. Such pressure loss of course reduces the net saving. 
The whole question of reheating is the subject of some con- 
siderable controversy at present and conclusive data based 
on actual first costs and operation are not yet available. It 
is possible that power stations in ‘connection with such 
industries as the iron and steel and the cement industries 
could make profitable use of waste heat in this manner. 
Perhaps the most effective of recent developments, insofar 
as betterment in power station efficiency is concerned, is the 
use of multi-stage bleeding for the heating of boiler feed water. 
The scheme is known as the regenerative cycle and is a 
means of cutting down the amount of heat rejected to the 
condenser and lost in the circulating water, and returning the 
reclaimed heat to the boiler. In a straight condensing station 
without stage bleeding, about 60 per cent. of the energy 
contained in the steam entering the turbine throttle: is 
carried off by the condensing water and is dead loss. The 
action of the regenerative cycle in recovering some of this 
loss can best be visualized by referring to some figures pre- 
pared in connection with a 30,000 kilowatt turbine, operating 
with 365 pounds per square inch throttle pressure and a 
29 inch vacuum, and provided with four bleeder heaters. 
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These data are shown in Table A. The steam bled in this 
case heats the boiler feed to a temperature of about 360° F., 
so that heat which would otherwise be lost in the circulating 
water is returned to the cycle. An inspection of the table 
shows total steam bled from all four points of 78,800 pounds 
per hour, and that for every pound of this quantity, .655 
pounds per hour must be added to the throttle steam over and 
above that which would be required for straight non-bleeding 
operation. This replacement produces additional power in 
the stages above the bleed points to balance the power lost 
in stages below the bleed points, so that the total power out- 
put of the turbine is the same as for non-bleeding operation. 
The net reduction in amount of steam to the condenser is 
27,100 pounds per hour, which is a saving of 9.14 per cent. 
of the total steam to the condenser for straight condensing 
non-bleeding operation, and indicates the difference due to 
multi-stage bleeding under the above conditions as com- 
pared to no regeneration at all. 


TABLE A.—TOTAL STEAM PER HOUR—STRAIGHT CONDENSING 
NON-BLEEDING OPERATION—296,500 POUNDS PER HOUR 


Bleeder Pressure at Bleed 
Heater Points, Lbs. per 


Replacement Fac- 


Pounds of Steam tors in Lbs. per Lb. 


Mugber | Baila Absolute 4 2ot Hour Bled Bled 
1 3.67 8,270 246 
9 14.55 13,300 "440 
3 58.00 28040 663 
4 170.00 29/190 865 


Weighted 


78,800 Average .665 


Total pounds of steam per hour added to throttle steam to make up 
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Reduction in Condenser Loss = ca = 9.14 per cent. 


The name “‘regenerative cycle” commonly applied to this 
particular system is somewhat of a misnomer, as any condens- 
ing power station system which maintains a heat balance 
by heating boiler feed from the exhaust of auxiliary prime 
movers or from the exhaust of a house turbine, is in a measure 
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regenerative. The stage-bleeding system to be most effective 
requires that all power to drive station auxiliaries be normally 
taken from the main turbine, as it is by far the most efficient 
power producing equipment in the station. A few years ago 
it was generally accepted as a fact that, so long as steam- 
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lia. 5.—Comparison of Steam Bleeding Systems, Showing Variation of Boiler 
Work with Feed Water Temperatures. 


driven auxiliaries did not take more steam than that neces- 
sary to balance the feed water heating, the efficiency of such 
equipment did not matter. The fallacy of this is apparent 
when an analysis of the whole system is made, but the old 
habit of thought was given rather to a study of parts than to 
the consideration of the whole power station as a single unit 
for the conversion of energy. In the case of the old-type 
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station with steam-driven auxiliaries, or even with the later 
scheme of driving auxiliaries electrically by power generated 
by a separate turbine known as a house turbine, the exhaust 
steam is available at one pressure and temperature only. 
Except for the effect of the difference in prime-mover 
efficiency just referred to, this old scheme accomplished 
approximately the same amount of ‘‘regeneration”’ as one- 
stage bleeding of the main turbine at a pressure correspond- 
ing to the auxiliary exhaust. Multi-stage bleeding increases 
the efficiency of the system in that it allows a greater tem- 
perature range in the steam used to heat the boiler feed and 
in turn the absorption of a greater amount of heat to be 
returned to the boiler and saved. This effect is indicated 
clearly in Fig. 5. These curves show the relation of work 
required of the boiler and temperature of boiler feed for one, 
two, three, four, or five-stage bleeding. The diagonal line 
is drawn through the points of least work, the points of 
intersection indicating the feed temperature for highest 
efficiency. The amount of work required of the boiler is 
taken as 100 per cent. when one-stage bleed is used and the 
feed water is heated to 200° F. For the particular steam con- 
ditions and type of turbine used in making this curve, the 
boiler-feed temperature for the least boiler work is about 
275° F. for the one-stage bleed. For five-stage bleed, the feed 
temperature corresponding to the least boiler work is about 
380° F. and the boiler work is 95.5 per cent. of that required 
with one-stage bleed and 200° F. feed temperature. The 
causes for increased efficiency in a plant with multi-stage 
bleeding and with power to drive auxiliaries taken from the 
main unit may therefore be summarized as follows: 
1. Greater efficiency of auxiliary drive. 

_ 2. Entire separation of the regenerative feature from the 
auxiliary drive system, allowing the use of a larger temper- 
ature range in feed heating, resulting in the return of more 
heat to the boiler. 

The extensive use of pulverized fuel firing for central 
station boilers has resulted in rather far-reaching changes in 
boiler-room design. The steel industry and the cement 
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industry early made use of this form of fuel for heating 
furnaces and cement kilns, but the development of its use 
for large boiler installations with high efficiency is due 
principally to the efforts of the larger public service corpo- 
rations. The advantages generally cited for pulverized-fuel 
firing over stokers are as follows: 

1. Higher combustion efficiency due to better control of 
combustion air possible, smaller quantity of unburned combus- 
tiblein the ashpit or flue gas, and higher furnace temperatures. 

2. More uniform efficiency for different kinds of coal. 

3. Greater flexibility insofar as rapid change in rating 
is concerned. 

4, Parts requiring maintenance kept out of the furnace. 

It is not the intention in this discussion to present any 
comparison between pulverized fuel and stokers to indicate 
that one or the other should be used. Stoker design has 
advanced a great deal and each case should be studied as a 
separate problem. The effect of the use of pulverized fuel, 
however, has been to develop new types of furnaces, new 
types of boilers and a new standard of results for the points 
listed above. 

There are in general two pulverized fuel systems at 
present in use, the storage system and the direct system. In 
the former, coal is pulverized and delivered to bins, whence 
it is fed, together with a certain amount of air, to the burners 
through mechanical feeders, by means of which the rate 
of firing is controlled; in the direct system, the pulverized 
coal is carried in suspension by means of air blast directly 
from the pulverizing mill to the burners. The storage system, 
except in special cases, is more expensive and more compli- 
cated, but in the present state of the development of the art, 
allows of somewhat finer and more nearly uniform pulveriza- 
tion, also a more accurate and wider range of control. The 
direct system is, in general, less costly, simpler and more 
compact. The development of this equipment to insure 
fineness of pulverization and good control is being rapidly 
pushed at this time. 

Examples of central stations using pulverized fuel exclu- 
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sively, are the Lakeside Station of The Milwaukee Electric 
Railway and Light Company, the Cahokia Station of the 
Union Electric Light and Power Company at St. Louis, the 
Trenton Channel Station of the Detroit Edison Company, 
the Toronto Station of the Penn-Ohio Edison Company. 
Other large stations, such as the Colfax Station of the 
Duquesne Light Company, Pittsburgh, Pa., and the Lake 
Shore Station of the Cleveland Electric Illuminating Company 
use pulverized fuel in the latest extensions. All of the above 
stations use the storage system. The direct system has been 
applied so far mostly to smaller boilers and generally to 
supplant old stoker equipment in existing plants. Among 
the examples of this are the Ashley Street Station of the 
Union Electric Light and Power Company, St. Louis, and 
the Brunot Island Station of the Duquesne Light Company, 
Pittsburgh. 

One very attractive application of pulverized fuel firing 
is for boilers in the steel industry where blast furnace gas is 
available. Combination firing is quite readily accomplished, 
as the furnace requirements for both are similar. 

With the introduction of pulverized fuel firing in the large 
power stations, engineers early discovered that something 
had to be done in the way of special furnace construction to 
withstand the higher furnace temperatures and the erosive 
action of the flame and the slag, especially at the higher 
ratings which were being used to obtain full value of equip- 
ment more expensive in first cost than stokers. The first 
step was the development of the air-cooled wall. This 
construction in installations using coal with slagging charac- 
teristics not too troublesome, with furnaces of such dimen- 
sions that the flame could be kept entirely away from the 
refractories and with combustion air entering at normal 
temperatures, has proved quite satisfactory and is still 
being used. The desirability of cutting down furnace size, of 
operating at still higher ratings, of carrying higher furnace 
temperatures, of using preheated air for combustion and of 
reducing maintenance and outages to a minimum, led to the 
development of various forms of water-cooled furnaces. One 
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of the first steps taken was the use of the water screen across 
the bottom of the furnace, so that the particles of slag falling 
through the cooled zone into the ashpit would be congealed 
before striking the pit (this was developed at the Lakeside 
Station, Milwaukee). Next, in order to protect the refrac- 
tories in the rear of the furnace wall and to prevent excessive 
slagging, water tubes were placed against the face of the 
brickwork on the back wall on boilers of the Babcock and 
Wilcox type. The third step was the use of water-cooling 
tubes placed on the inside of the side walls of the furnace 
brickwork instead of using the hollow air-cooled construc- 
tion. The combination of these three steps was first used in 
boilers of the central steam heating plant of the Allegheny 
County Steam Heating Company at Pittsburgh. In this case 
the tubes were arranged in open chases in the walls. Fig. 6 
shows this boiler and furnace. It will be noted that all the 
cooling tubes are connected into the boiler system. 

Shortly after this, an experimental installation was tried 
out at the Hell Gate Station of the United Electric Light and 
Power Company, a stoker-equipped plant, using a side wall 
construction of water tubes to which flat longitudinal fins 
were welded, the fins completely filling the gap between the 
tubes and forming with the tubes a complete metal wall 
without any refractories exposed to the fire between the 
tubes. It was found that with this construction so much 
higher ratings could be carried without appreciable mainte- 
nance that it was made use of in other boilers at this station. 
A drawing of this furnace is shown in Fig. 7. The advantages 
of this design of water-cooled walls for pulverized fuel fur- 
naces were quickly seen and a number of them are in opera- 
tion with complete side and rear walls of fin tubes. 

The fin-tube water-cooled wall suggested to one engineer 
the possibility of building a boiler in which the greater part 
of the evaporating surface is the water-cooled furnace. In 
order to transmit the heat by convection as well as radiation, 
he arranged to introduce the fuel and air at extremely high 
velocities in such a way as to produce great turbulence. Such 
a boiler was installed and is at present operating in one of the 
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Fic. 7.—Boiler Installation With Fin-tube Water-cooled Walls. 
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steel mills in England and according to reports is producing 
steam at about 1500 per cent. of what would be normal 
rating based on ten square feet of boiler heating surface per 
horse power. This equipment uses very highly preheated 
air for combustion. 

Other types of water-cooled furnaces are in use. One of 
the most prominent ones uses castings clamped to the tubes, 
these castings being cupped on the side toward the fire and 


the hollow part filled with refractory. 


. In designing a boiler for low exit-gas temperature so that 
the heat lost in stack gases will be a minimum, a limiting 
point is finally reached where the addition of more boiler 
heating surface for the gases to pass does not pay for the 
extra cost. The theoretical limit of boiler exit-gas tempera- 
ture is, of course, a temperature just exceeding that of the 
water in the boiler, butitis plain that as the limit is approached, 
the amount of surface required increases enormously. The 


- methods of reducing the stack loss are by economizers and 


by air preheaters. Economizers have been in use for years, 
and for the old type of station using steam-driven auxiliaries, 
and for industrial steam stations or central heating stations 
having a deficiency of steam for feed heating, this method of 
heat reclamation is effective and efficient, whenever the price 
of fuel is high enough to warrant the additional capital cost 
and increased maintenance. In the case of stations using 
multi-stage bleeding, however, it is evident that if the turbine 
is bled to heat boiler feed to the limit, the water temperature 
entering the economizer will be too high to allow of the 
economizer doing work. If economizers are used in such a 
plant, the number of stages bled must therefore be reduced 
with a resultant decrease in the efficiency of this part of the 
system. This has led to the use of flue gas air preheaters in a 
number of recent stations, as such arrangement allows maxi- 
mum recovery of losses in the condensing water and in the 
flue gas. Economizers may be employed and part of the 
turbine bleed used to preheat air for the boiler furnaces, but 
the cost and complication of such a scheme is evidently 
ereater than the more direct method. With the use of water- 
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wall furnace construction, the limit of preheat for air entering 
the furnace is probably very high. Experience to date does 
not indicate that the limit has been reached. 

There are three different types of flue-gas air preheaters. 
One type is constructed of tubes like a boiler, and is generally 
designed so that the gas passes through the tubes and the air 
around them. A second type is built of plates arranged in 
alternate compartments for air and for gas. The third type 
makes use of the old principle of the ‘‘stove”’ or the regenera- 
tive furnace in the iron and steel industry. To perform the 
function of the brick checker work, this preheater uses 
bundles of thin crimped sheet metal packed into cylindrical 
containers which slowly revolve in such a way that each 
sector remains in the flue gas space for a time interval cor- 
responding to something less than half a revolution of the 
cylinder and passes thence into the air space where it gives 
up the heat absorbed in the gas space. 

Under the group of developments tending to reduce 
capital cost, perhaps the most important factor is the 
increase in boiler steaming rates. Given a furnace equipped 
to liberate the required amount of heat and a boiler design 
providing good circulation, the only requisite to allow high 
ratings is pure water. In attempting to operate at high 
ratings, say 300 per cent. or above, with water containing 
incrustating solids, there is always danger of blistering tubes 
due to scale formation, and even though the boiler is fre- 
quently cleaned the average efficiency of the heating surface 
is low. Again even though the water is free from hard scale- 
forming matter the concentration of solids in solution or sus- 
pension will cause foaming and require frequent blow-down, 
entailing the losses in efficiency and service thereby caused. 
Evaporators for make-up in central stations are widely used 
to insure the purest possible boiler water and so remove these 
limitations to steaming rate. Evaporators, in cases where 
the amount of make-up is not excessive, cost no more than a 
first-class treating system of the batch type with settling 
tanks, etc., are easy to operate and have a thermal efficiency 
close to 100 per cent. They do, however, reduce the availa- 
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bility of a certain amount of energy. In industrial plants and 
in central heating plants where the amount of make-up is 
high and where there is an opportunity to obtain by-product 
power by generating steam at a higher boiler pressure and 
reducing the pressure for distribution through a high-pressure 
turbo-generator, the saving in capital cost by using evapo- 
rators and high boiler ratings must be balanced against 
the advantages of the by-product power and moderate 
boiler ratings. ; 

The use of pure evaporated water increases to some extent 
the chance of oxygen corrosion due to the very purity of the 
water and the freedom of scale deposit on the tubes. Deaéra- 
tors for make-up and a water system designed to exclude all 
air practicable have been used in some stations. 

Another item which reduces the capital cost of the boiler 
plant is the multi-stage bleeding of the turbines, hereinbefore 
discussed. As was shown, this decreases the boiler work and 
in turn reduces the amount of boiler capacity which has to be 
installed for a given plant output. 

Developments tending to decrease maintenance and 
operating labor in the modern power station include a large 
number of minor items which will not be described here. 
However, a word may profitably be said regarding the trend 
in design of electrical equipment and electrical system lay- 
out. In many of the older stations both direct and alter- 
nating current were used for auxiliary power; also several 
different voltages were considered necessary. The present 
trend is toward reduction of the number of voltages used and 
the elimination, as far as possible, of direct-current-driven 
auxiliaries in stations producing alternating current pri- 
marily. New developments in variable-speed, alternating- 
current motors have made this possible. The new Seal 
Beach Station of the Los Angeles Gas and Electric Corpora- 
tion uses no direct current except for excitation and control 
systems. The use of motors designed for full voltage starting 
has also greatly simplified the auxiliary power system, by 
the elimination of equipment necessary for separate start- 


ing voltages. 
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Some of the items previously mentioned in connection 
with increase of efficiency, such as the use of pulverized fuel 
firing and air-cooled furnace walls, also reduce maintenance, 
and the handling of ashes by sluicing with water instead of 
handling them by hand and in small trucks has effected 
economies in several modern plants. 

Safety and reliability are increasingly important when 
large amounts of electric energy are generated in a single 
station. The layout of the station as a whole, especially in 
the electrical end affects these features particularly. The use 
of truck-type circuit breakers and increase in safety factor 
in insulation are steps in this direction. The matter of sec- 
tionalization is carefully considered in modern power station 
design but the degree of sectionalization of course depends 
on local conditions, the necessity for absolute continuity of 
service, the type of personnel in the operating force, etc. 

As shown in the discussion of multi-stage bleeding for 
feed-water heating, it is essential that for highest efficiency 
the power for driving auxiliaries be taken from the main 
turbine. In order to insure freedom from interruption in 
service to the important auxiliaries, such as condenser cir- 
culating pumps, hot-well pumps, exciters and boiler-feed 
pumps, caused by severe short circuits or other failures on 
the main electrical system, an auxiliary generator directly 
connected to the main turbine shaft is now extensively used 
to supply such auxiliary power. Another scheme used in cer- 
tain stations is known as the ‘‘spinning’’ house turbine. This 
is a turbo-generator which normally floats at full speed on 
the auxiliary power supply bus, the generator operating as a 
synchronous motor. If the power from the auxiliary bus 
fails, the turbine throttle opens due to the momentary drop 
in speed and the turbine picks up the load to take care of the 
emergency. As this turbine takes steam in case of trouble 
only, it is designed to exhaust directly to the atmosphere. 
Usually, when floating, the generator acting as a synchronous 
motor is operated with an over-excited field and introduces a 
degree of power factor correction which is, of course, desirable. 

As examples of modern steam power station practice, 


—— sae 


37 


\ 


sanesauaoeaeeutayeaoNSCANUNESROATEGSRORS 


COLFAX POWER STATION 
ms Lena 
DRRESSE LIGHT COMPNEY. 


STEAM POWER STATIONS—CLARKE AND GALUSHA 


‘dw iit Tt Rayhiews & Corey, be oeroe 
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cross-section drawings and boiler-room and turbine-room 
pictures of the latest section of the Colfax Station of the 
Duquesne Light Company and the new Seal Beach Station 
of the Los Angeles Gas and Electric Company are shown in 
Figs. 8 to 13. The Colfax Station operates on a throttle 
pressure of 265 pounds per square inch and 214° F. super- 
heat, has four-stage bleeding, pulverized-fuel firing of the 


Fia. 9.—Boiler Front, Boiler-room Floor, Colfax Power Station, Duquesne 
Light Company. 


storage-type, water-cooled walls, plate-type air heaters for 
flue gas heat reclamation heating combustion air to about 
200° F., evaporators for make-up and the most recent main 
units, which have a capacity of 35,000 kilowatts each, are 
provided with 1250-kilowatt auxiliary generators attache 
to the main shaft. The generator cooling is by closed system 
with surface coolers cooled by condensate. A water sluice is 
employed to handle ashes. 

The Seal Beach Station has a throttle pressure of 365 
pounds per square inch with 264° F. superheat, four-stage 
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bleeding, oil or gas firing, a special type of forced-draft air- 
cooled furnace construction, tubular flue gas air preheaters to 
produce 300° F. air for combustion, evaporators for make-up, 
power for important auxiliaries from auxiliary generator 
attached to main unit shaft and closed surface coolers oper- 
ated on condensate for the generator air. The main unit is 
of the same size as the latest Colfax units. 


Fig. 10.—Turbine and Generator, Colfax Power Station, Duquesne 
Light Company. 


As both of these stations have been described in detail in 
articles published during the past year no attempt will be 
made here to discuss them at length. The effect of differences 
in local conditions on general design is, however, worthy of 
note. The Colfax Station is situated on a river having a large 
fluctuation in water levels, necessitating a great deal more 
structure below the ground level than was required at Seal 
Beach. All high-tension equipment at Seal Beach is placed 
indoors, this design being necessitated by the prevalence of 
salt sea fogs. On the other hand, the high-tension trans- 
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formers only at Colfax are indoors and the remaining high- 
tension equipment outdoors. This design was dictated by 
limitations in area and configuration of the available site, 


Fig. 12.—Firing Aisle, Boiler Room, Seal Beach Station, Los Angeles Gas and 
Electric Corporation. 


and resulted in a very large saving in investment over 
other designs. 
The performace of the old and new sections at Colfax, 


combined, is shown in Fig. 3. Tests on the new section indi- 
cate a heat rate of about 15,000 B.T.U. per kilowatt-hour 
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net for the high load factor under which it operates. Seal 
Beach, with a load factor of about 50 per cent., is doing 
15,000 B.T.U. per kilowatt-hour net. 

As stated at the beginning of this paper the developments 
in modern large stations are now more than ever of particular 
interest to the engineer in the steel industry. The problems 
of steel mill power station design, where mills are, or are to 
be, electrified have more points of similarity with public 


4 >) a — at ig 


Fra. 18.—Turbo-generator, Turbine Room, Seal Beach Station, Los Angeles 
Gas and Electric Corporation. 


service central station design than would perhaps appear at 
first thought. Mill electrification brings the service required 
of steel mill power stations into somewhat the same class 
as that of public service central stations for the follow- 
ing reasons: 

1. By requiring the production of electric energy as the 
principal product of the station rather than the production of 


a large amount of steam for distribution and a small amount 
of electric energy. 
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2. By allowing of or requiring larger and more efficient 
steam electric generating equipment. 

3. By concentrating prime mover equipment in one loca- 
tion and thereby permitting the use of devices for the increase 
of economy not practicable in a scattered arrangement of 
prime movers, even though these in themselves are of effi- 
cient design. 

4. By the concentration of boiler equipment and the 
reduction of spares due to the advantage of diversity factor. 

5. By the necessity for reliability in service for electric 
energy production. 

These points naturally indicate the possible use of many 
of the recent developments in power station practice hereto- 
fore discussed in cases where a steel mill power station is to be 
. designed for economical and reliable results. The problem 
is the same as in central station practice except as affected 
by the availability of blast furnace gas or waste heat suitable 
for boilers. The expenditure of capital to increase efficiency 
in a plant having an excess of usable by-product fuel or by- 
product heat is manifestly absurd, unless the excess power 
produced can be sold profitably. The effect of blast furnace 
gas on the steel mill power station problem may best be 
visualized by reference to Fig. 14, which is made up for con- 
ditions obtaining at a mill in the Pittsburgh District. The 
heavy curve shows load duration on the plant, both electrical 
and steam, converted to heat units for a year’s period. The 
dotted line shows the available blast-furnace gas plotted also 
as a heat output from the power station. The curves were 
made up on a basis of steel production in a particular mill 
averaged over an actual period of five years. This study 
shows that of the 8,760 hours in a year, 2,600 hours or about 
30 per cent. of the total, show a deficiency of blast-furnace 
gas. With no sale of excess power to an outside company, if 
devices were installed to increase the efficiency of the station 
further, say for instance, sufficient to raise the effect of blast- 
furnace gas converted to station output from 419 million 
B.T.U. to 450 million B.T.U. as indicated by the dot-dash 
line, the returns on capital invested for such devices would 
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have to be based on only 2,250 hours, or 26 per cent. of the 
service per year. It is clear that the conditions will be dif- 
ferent in every mill, will vary from year to year, will be influ- 
enced by the sale of surplus power or interchange of power 
with outside companies, and by the discovery of other uses 
for waste heat and gas in the mill. These matters must receive 
careful study if the question is to be answered on a sound 
economic basis. An attractive procedure, from the point of 
view of the steel mill under present conditions, would: be to 
develop and sell the waste power represented by the area 
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Fia. 14.—Steel Mill Load Duration Curve Compared with Power Available 
from Blast Furnace Gas. 


between the heavy line and the dotted line for all the hours of 
the year that the blast-furnace gas available energy exceeds 
the energy required from the plant by the mill. This is 
shown cross-hatched in Fig. 14. The difficulty in disposing 
of this power at a proper figure lies in the fact that it is dump 
power, largely available nights and Sundays, which are off- 
peak periods for central stations and most other industries. 

Returning to the question of the effect produced by 
increase in station efficiency for the conditions shown in Fig. 
14, and assuming that excess power developed can be sold, 
it is evident that the difference between 419 million B.T.U. 
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and 450 million B.T.U., which was assumed as made available 
by suitable equipment, instead of being applicable to the 
reduction of the coal cost for only 26 per cent. of the year 
may be disposed of to an outside company as prime power, 
provided, of course, such additional capacity is installed in 
the plant as is needed for the extra load. The justification for 
expenditure of additional capital then depends solely on the 
selling price of this block of power. In this, as in other similar 
questions connected with steel mill power, each combination 
of conditions must be considered and no generalizations 
should be made. 

Power interchange between the mill generating station 
and public service company system is often discussed. How- 
ever, aS has been pointed out in the case of a steel mill with 
considerable available blast-furnace gas, the greatest advan- 
tage for the mill would be the sale of off-peak power and the 
purchase of peak power. The question should always be 
studied for each particular case, as it is possible that the net 
balance in fixed and operating charges for the peak load 
on steel mill station and the difference in purchased peak 
and sold off-peak power might show a margin in favor 
of interchange. 

A development, which has not been used to any extent as 
yet in central station practice in this country, but which 
merits study in connection with such conditions as are out- 
lined above is the steam accumulator. This device stores 
energy produced by the boiler in off-peak periods in the form 
of high-temperature, high-pressure water which may be 
flashed into steam for use in peak periods. The apparatus 
in principle is not new. The early designs, however, were 
in general not satisfactory because of ineffective valving and 
control for the production of dry steam and it is only recently 
that accumulators have been developed which Sp Ate uty 
successfully overcome the difficulties. 

In the case of isolated blast-furnace plants, it may be 
profitable to build a steam generating station and sell power, 
as the cost of producing energy will be such that the company 
can sell at a low figure and. yet receive an active return. A 
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description of the operation of such a scheme was presented 
before the Cleveland District Section, May, 1925, by 
Mr. O. GC. Callow, Electrical Engineer of the Trumbull-Cliffs 
Furnace Company, Warren, Ohio. For steel mill plants which 
have no blast furnaces, the problem of station design is, as 
has been noted, very similar to the central station design 
problem. Energy must be obtained for the least overall cost, 
inclusive of fixed charges, and in the cases where it is eco- 
nomical to generate rather than purchase power from the 
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Fig. 15.—Comparison of Load Duration Curves of Two Steel Mills and a 
Public Utility System. 


central station, the extent to which money can be spent to 
produce additional efficiency depends largely on the cost of 
fuel and the load factor. 

In addition to by-product power from blast-furnace gas 
and waste heat, there is in the industrial field, another form 
of by-product power which may be obtained from steam 
necessary for heating process work, for apparatus that cannot 
be converted to electric drive, etc., by generating steam at a 
higher pressure than required for the service and using a 
turbo-generator as a reducing valve. Ordinarily, in the com- 
pletely electrified steel mill, less of this kind of by-product 
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power can be developed than in other industries, in which 
large amounts of process steam are used, such as, for instance, 
many chemical industries. 

The principal points of similarity in central station and 
steel mill power station requirements, when mill electrifica- 
tion is used, have been listed and discussed, but there are 
two characteristics of the steel mill electrical load which are 
superior to the typical central station load. These charac- 
teristics are: 

1. High load factor. 

2. Controllable power factor. 

The first calls for fuel economy, except where affected by 
the blast-furnace gas conditions. The second effects a reduc- 
tion in the cost of the plant by allowing smaller generators, 
less copper for busses, transmission, etc. 

Fig. 15 shows a yearly load duration curve for a public 
service system in the Pittsburgh District compared with load 
duration curves for two steel mills when electrified, one in the 
Pittsburgh District and the other in the Youngstown District. 
The public service system curve shows a load factor of 56 per 
cent., one mill 6414 per cent. and the other 711% per cent. 

The high power factor which may be obtained is due to 
the large amount of synchronous motor drive which can be 
used and the control which may easily be accomplished. 

These advantages in load of course favor the construction 
of an up-to-date steel mill power station; on the other hand 
they are particularly attractive to the public service central 
station system, which will offer its best rates for this class 


of power. 


Jupcr Gary: There will be a discussion of Messrs. Clarke 
and Galusha’s paper by: Mr. 8. 8. Wales, of the Carnegie 
Steel Company. 

Discussion By §. 8S. WALES 
Carnegie Steel Company, Pittsburgh, Pa. 

The paper just read on Modern Steam Power Stations 
gives a very comprehensive view of the commercial station 
as it exists today. A very radical difference exists between 
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conditions governing the development of a commercial power 
plant, and one for the exclusive use of a'steel plant, inasmuch 
as power production in the one case is a primary object and 
in the other only secondary. 

In addition to this, a large steel plant, including blast 
furnaces and an open-hearth department, has available a 
large amount of by-product fuel and waste heat that can be 
converted into an amount of power, which will more than 
supply the plant requirements, with only ordinary economies 
in boilers and generating equipment. 

The growth of the steel plant electric power station also 
has an influence on the amount of refinement the industry is 
willing to pay for at this time, as we are still evolving from 
the condition in which the boiler and mill engine were all 
important; to where the electric power station and mill motor 
will be dominant. 

It will probably be many years before the steel works will 
provide the required equipment, and the fuel conditions of 
the country will have become so acute as to make it possible, 
and mutually profitable, for the public service companies to 
buy, or the steel companies to sell, surplus power. 

Probably the largest field for improvement in economy in 
steel mill power production is in the boiler house, as many of 
these were designed during an era of cheap fuel, but there 
is a tendency to the adoption of 250 pounds pressure and 
not over 200° superheat instead of following the commercial 
practice of extremely high pressure. 

The origin and treatment of boiler water are the most 
important subjects in modern steam engineering, and the only 
real solution is the use of distilled water for make-up, with the 
returned condensate. All ‘treatments’ are in the nature of a 
compromise and, unless very carefully adapted to each special 
case, often lead to serious damage to the steam turbine. 

The question of feed water heating, in my opinion, is still 
an open one and should be given careful study free from all 
historic bias. Because it was economical to use exhaust 
steam from low efficiency steam apparatus in the early days, 
does not make it economical to run low efficiency equipment 
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today to provide the steam for this purpose, as Mr. Clarke 
brings out clearly in his paper. Extending the horizon a 
little further, I cannot believe that it is in the ultimate 
interests of economy to use the finished boiler product, even 
in a partially used condition, for heating feed water, as is 
done in any form of stage bleeding. The primary reason for 
using steam for heating feed water was to recover heat other- 
wise lost, a condition which has been greatly modified, if not 
removed, by the introduction of the modern condenser. 
Having discarded the house turbine as a feed water heater, 
the logically following step would be to abandon steam alto- 
gether for this purpose, and use a separate, efficient, low 
pressure, coal-fired boiler instead. 

The use of powdered coal as an auxiliary fuel to replace 
blast furnace gas in case of temporary shortage has been 
given consideration in the steel mills, and is very attractive, 
but the mills would still have to employ the mechanical 
stoker to some extent, because coke breeze forms a definite 
part of the by-product fuel available, and up to the present 
time has proved too refractory for economical pulverizing. 
One of the outstanding features of powdered coal firing, not 
mentioned by Mr. Clarke, is its extreme cleanliness, which 
has lead the Penn-Ohio Company to build their Toronto 
station with no division wall between the boilers and the 
generator room. 

One thing standing across the path of the general adop- 
tion of powdered coal has been referred to as the ‘‘develop- 
ment of new types of furnaces with very large combustion 
chambers,” thus requiring the complete rebuilding of most 
of the existing steam plants. There seems to be some possi- 
bility of avoiding this expense by the development of a fuel 
still more finely divided than the present standard (to 80 per 
cent. through 400 mesh instead of 200 mesh), the indications 
being that this coal will very closely approach a gas in action, 
and burn efficiently in the cramped space formerly allowed 
for a combustion chamber. 

In considering the use of economizers as compared. with 
air preheaters for recovering heat from the stack gases, the 
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latter dealing with a much wider difference in temperature 
between the outgoing gases and the fluid to be heated appears 
to offer a better field of development, with lower maintenance 
and higher efficiency. 

The reference to reduction in capital outlay seems to be 
very timely, as the tendency of the day is apparently toward 
excessively heavy and more expensive construction and 
equipment in all lines, which will eventually lead to a difficult 
operating condition, due to burdensome overhead charges. 

The main requisite of electric power in the steel plant is 
continuity of service, its importance being one of the strong- 
est factors in the early establishment of the steel works coal- 
fired power station before the central station had attained 
its present strength and reliability. 

The works power station of today should be simple in 
design and operation, so as to insure continuous service. 
The boiler house should be equiped to handle a variety of 
fuels, so as to economically dispose of such by-products as are 
available, as well as to run largely on coal in case accident 
interrupts the supply of by-products. The boiler construc- 
tion should be simple, the boilers operated at moderate 
pressures and superheats, and not forced to exceptionally 
high ratings. 

The electrical equipment will not differ greatly from the 
commercial stations except in size of generating units, which 
should be governed by the amount of by-product fuel avail- 
able and the ultimate power requirements of the plant. 


JupDGE Gary: We will now have a discussion on the same 
subject by J. E. Fries, Chief Engineer of the Tennessee Coal, 
Iron and Railroad Company. 


Discussion By J. E. Fries 
Chief Engineer, Tennessee Coal, Iron and Railroad Company, 
Birmingham, Ala. 
The authors of this interesting paper have conclusively 
shown the great strides that steam power production has taken 
during the last two decades. As pointed out, this advance 
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has been most noticeable in the great power plants of the 
public utilities companies. The steel industry, however, has 
not been slow to follow suit when opportunities arose. 

On page 42 it is stated: ‘‘ Mill electrification brings the 
service required of steel mill power stations into somewhat 
the same class as that of public service central stations for 
the following reasons:” and reason No. 4 reads: ‘By the 
concentration of boiler equipment and the reduction of 
spares, due to the advantage of diversity factor.’’ We further 
read on page 45: ‘‘ Power interchange between the mill gen- 
erating station and public service company system is often 
discussed. ’’—‘‘ The greatest advantage for the mill would be 
the sale of off-peak power and the purchase of peak power.’’ 

When I last had the honor of speaking on this subject 
before the Institute in 1919, I said: ‘‘We can never suffi- 
ciently emphasize the importance to the industry, and to the 
country as a whole, of carrying as diversified a load on our 
power stations as is obtainable and of concentrating our 
power production at as few points as possible, and further, 
to interconnect these power stations with each other so as 
to obtain the further benefit of territorial diversification. 
It is not only a question of coal saved behind boilers and 
water saved behind dams, but it is also a question of elimi- 
nating the necessity for installing separate spare generator 
units at each and every place where important electric instal- 
lations are in operation.” 

It is now a pleasure to report the results of our coépera- 
tion with a public utility company extending over a period of 
more than ten years. 

The power plants of the Tennessee Coal, Iron and Rail- 
road Company are interconnected with the vast hydro- 
electric system of the Alabama Power Company. Practically 
all power generated by the steel company is derived from 
surplus blast furnace gases burned under steam boilers. The 
fluctuations of the blast furnace gas are taken care of by 
burning pulverized coal under a certain number of boilers at 
periods when there are not sufficient blast furnace gases 
available for these same boilers. The coal which is pulverized 
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is refuse coal from the mines, of such quality that there is no 
market for it. This surplus power carries the base load of all 
our mining and industrial undertakings and therefore enjoys 
a very high load factor, 77 per cent. in 1925. All energy above 
this base load is furnished from the hydro-electric system of 
the Alabama Power Company to whom we have guaranteed a 
load factor of 35 per cent. and actually gave a load factor of 


40.1 per cent. in the year 1925. The accompanying chart © 


(see Fig. 1) gives a very clear picture of the distribution of 
the load during 1925 between the two generating companies. 
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| The curves were obtained by arranging the hourly readings 
over the entire year, not in time sequence, but according to 
their magnitude beginning with the largest reading and 
finishing with the smallest. Some authors call such curves 
“Symbolic Load Curves” but the authors of this paper pre- 
fer“ Load Duration Curve.” It is evident that the integrated 
area under each of these curves represents total kilowatt- 
hours consumed or generated during the year if multiplied 
by an appropriate constant. The upper curve shows the total 
generated and purchased energy used by the steel company 
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during 1925, the abscissx representing percentage of time of 
the total year and the ordinates kilowatts used. It will be 
noticed that our minimum requirements were 5,000 kilowatts 
and our maximum 43,500 kilowatts. The next curve shows 
the purchased energy with 40.1 per cent. load factor, varying 
from nothing to 30,000 kilowatts. The next curve shows the 
power generated by the steel company varying from 3,000 
kilowatts to 22,000 kilowatts and a load factor of 77 per cent.., 
and at the same time the load factor of the purchased energy 
is as good or better than the average load factor obtained 
by most utility corporations. 

A further analysis of this chart shows that the steel com- 
pany needs only a generating installation of 20,000 kilowatts 
when interconnected with the power company, but if dis- 
connected would have to install an additional generating 
capacity of 30,000 kilowatts, which equipment would only 
have been used to full capacity 40 per cent. of the time. 

During Saturdays and Sundays and also during times of 
extreme low water the steel company sold its surplus power 
to the power company and this energy amounted to 2 per 
cent. of the total energy purchased. This chart therefore 
shows valuable economic benefits to both parties from the 
interconnection. ; 

As the steel works grow and more waste fuel gases become 
available, the fundamental condition will remain the same. 
No matter how efficiently we utilize this waste fuel, it will 
not give sufficient power to make the steel and finish it in 
the mills, when it also has to take all the raw materials out 
of the earth as is the case in our district. Calculations show 
that peak loads in the future will probably bear the same 
ratio to the base load as they do at the present time and the 
economic benefits to both parties should, therefore, remain 
the same with the future growth of the steel company. 


Jupcr Gary: Next we will have a paper on ‘Data Re- 
lating to Basic Open-Hearth Steel Practice,” by A. N. Diehl, 
Vice-President, Carnegie Steel Company. 


DATA RELATING TO BASIC OPEN-HEARTH 
STEEL PRACTICE 


A. N. Dresu 
Vice-President, Carnegie Steel Company, Pittsburgh, Pa. 


For a number of years past, many papers have been sub- 
mitted to the American Iron and Steel Institute, as well as 
to other Associations constituted for the further development 
of the metallurgy of iron and steel, which contained much 
valuable information relative to constructional development 
and metallurgical practices, but in many cases were open 
to question as to the reliability of the original data from 
which the results were obtained. It is obvious to those 
skilled in metallurgical practices that very serious and 
grievously false conclusions may be arrived at, no matter 
how carefully the subject is studied, if the experimental data 
are not representative of the actual operating conditions. 

It has been the experience of all metallurgical investi- 
gators that many operations which produced approximately 
the same result may show intermediate stages which are 
entirely different, and may be the cause for arriving at 
erroneous conclusions. This has been our own personal 
experience when handling major processes and operations, 
and is ofttimes due to inability of obtaining representative 
sampling, or to the lack of facilities to obtain all the neces- 
sary data which might enter into the equation in question. 

The primary object of the tests was the development of 
data for our own personal information, and to further 
economic production, as well as to develop, if possible, more 
accurate methods and better quality of product. While the 
data collected applies principally to the practice from furnaces 
using pig iron made from Lake Superior ores, yet the prin- 
ciples are such as may be applied to most operations, and in 
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fact cover 75 per cent. to 80 per cent. of the steel produced 
in the United States. 

A number of conflicting results led to a decision several 
years ago that we would endeavor to collect data from a 
number of open-hearth steel heats, taken with the greatest 
precision, and to the fullest extent within our knowledge. 
Having at our disposal, in the Duquesne Works of the 
Carnegie Steel Company, a plant of 32 open-hearth furnaces, 
a competent squad of twenty experienced and scientifically 
trained men in our Experimental Engineering Department 
equipped with the best instruments of precision obtainable, 
a fully equipped Chemical Laboratory for metallurgical 
work, and a thoroughly experienced operating force, we felt 
that the data obtained would be as accurate as could possibly 
be collected. 

‘Accordingly it was decided that the work be divided 
between these Departments, and each be responsible for 
the various phases of the observations; and that after such 
observations were made, the results be checked independently 
and conclusions drawn from such final consultations. 

In addition to the records and analyses, graphic charts 
have been prepared, and tables and various element balances 
compiled, together with actual practice results on coal, 
recarburizers, alloys, and some conclusions drawn as to the 
problematical action of the different metalloids. Methods 
of calculating charges have also been deduced, which may 
be of interest to those in charge of operations. 

It is rather the purpose of this paper to submit the data 
and information as outlined, rather than to express definite 
conclusions, which necessarily would not be applicable when 
local conditions and materials were taken into consideration. 


OpEN-HEARTH FURNACE 


The investigations were conducted on furnaces of rated 
capacities varying from 50 tons to 75 tons. The general con- 
struction of the furnaces is shown in Fig. 1, and is typical 
of basic open-hearth furnaces using producer gas as fuel. 
A very complete history of the development in the design of 
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Fra. 1.—Open-Hearth Furnace. 
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producer gas fired, open-hearth furnaces was given before 
the Institute in 1920 by Mr. F. L. Toy, in his paper on 
“The Basic Open-Hearth Furnace,” so that only a brief 
description will be included here. 

The hearth of the furnace is constructed of magnesite, 
on top of which is placed a mixture of calcined dolomite and 
open-hearth slag, which is sintered in place. The roof and 
side walls are built with silica brick. The floor of the gas 
port is lined with magnesite brick, but the remainder of the 
port construction is silica brick, except around the port 
cooling-pipes where chrome ore is used. Checker chambers 
are provided for regenerating both air and producer gas, and 
the waste gases leaving the regenerative chambers pass 
directly to the stack. Two open-hearth furnaces are con- 
nected to one gas manifold, which receives its gas supply 
from four ten-foot mechanically poked Hughes producers. 

The customary method of charging and operating the 
furnace was followed. After the preceding heat, the bottom 
and banks were made up with calcined dolomite, and the 
limestone, ore, scrap and cold pig iron were charged in ‘the 
order given. In the heats in which molten pig iron was used, 
this was poured into the furnace after the scrap had started 
to melt. Immediately following the addition of hot metal, 
the preliminary slag was allowed to run off through the slag 
opening, and as much as possible of this slag was removed. 
After the limestone charged had risen and been assimilated 
in the final slag, further additions of ore or pig iron were made 
as required by the analysis of the metal bath of the furnace. 
Toward the end of the heat some fluorspar was added to 
render the slag more fluid. The refining process was con- 
tinued until the steel had an approximate carbon content 
of 0.09 per cent. While the steel was being tapped from the 
furnace into the ladle, ferro-manganesein the amount required 
for the desired manganese content was added to the ladle, 
while the desired carbon content was obtained from anthracite 
coal added at the same time. The temperature of the furnace 
throughout the heat was controlled by the first helper, by 
regulating the supply of producer gas to the furnace. 
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Type oF HEATS INVESTIGATED 


The first four tests were conducted on heats in which no 
scrap was charged, in order to get complete data on the 
oxidation and removal of the metalloids in the pig iron. In 
this manner the diluting effect of the melted scrap was 
eliminated and samples of the molten metal could be obtained 
at all times. Other heats were made with varying percent- 
ages of scrap and with both hot and cold pig iron. The silica 
in the limestone used in the heats varied from .84 per cent. 
to 2.69 per cent. The sulphur in the pig iron ranged from 
.023 per cent. to .105 per cent. Sixteen of the heats were 
made with producer gas as fuel and three with natural gas. 
In the producer gas heats, the sulphur content of the coal 
varied from .78 per cent. to 1.28 per cent. 

Table 1 gives the main variations in the materials used 
in nineteen heats, during which data were collected: 


TABLE 1.—VARIABLE FACTORS IN HEATS 


Rated Character of Charge 

Heat [Capacity Pig Iron |Limestone|_ Coal 
No. of Fur- Por nant liParecne, Means Ne won Per cent. |Per cent. 

nace . ‘Nt. “1S iO» 

Tons | Hot Pig | Cold Pig | Scrap er Bis ee 
80065 50 100 0.0 0.0 .038 OG 122 
82096 50 100 0.0 0.0 .033 218 1.28 
82106 50 100 0.0 0.0 038 2.04 1.00 
85241 60 100 0.0 0.0 .027 .99 .96 
83330 50 67.31 0.0 32.69 .032 2.88 .99 
81292 50 66.37 0.0 33.63 .039 Liebe 1.04 
83267 50 53.18 0.0 46.82 .033 .84 .89 
74256 50 50.68 0.0 49.32 .035 1.15 .80 
83254 50 50.41 0.0 49.59 .035 1.00 .78 
81256 50 50.07 0.0 49.93 .023 1.25 1.02 
74251 50 49.61 0.0 50.39 .054 1.75 1.13 
83261 50 49.60 0.0 50.40 .075 1.16 .99 
81243 50 44.23 0.0 55.77 .029 1.25 .83 
73259 50 0.0 64.40 35.60 105 2.14 1.13 
74279 50 0.0 53.90 46.10 .059 1.30 1.03 
88225 60 0.0 49.15 51.85 .067 1.20 ok 
93168| 75 46.48 0.0 53.52 | .042 1.69 
93172| 75 45.98 0.0 54.02 | .031 1.44 seis 
93175 4D 45.91 0.0 54.09 .030 2.69 


Note—The fuel used was producer gas except on the last three heats on 
which natural gas was used. 
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METHOD oF TESTING 


A complete history was kept of each heat, noting condi- 
tions within the furnace and recording the time at which any 
changes became noticeable. The time, weight and place 
of all additions were noted. All materials entering the 
furnace or ladle were weighed, as follows. The calcined 
dolomite used for making up the bottom and banks of the 
furnace, prior to charging the heat, was weighed in the 
delivery box and dumped in front of the furnace on the floor 
which had previously been cleaned, and the empty box 
weighed and the tare weight deducted. Any additional 
dolomite used during the working of the heat was weighed 
in wheelbarrows. Limestone was weighed in the charging 
boxes on the buggies, which were light weighed after the 
limestone had been charged. Burnt lime, charge ore, scrap 
and cold pig iron were handled in the same manner as the 
limestone. Each separate addition of any material was 
weighed before being put into the furnace or ladle, such as 
feed ore, fluorspar, burnt lime, dolomite, cold pig iron, ferro- 
manganese, anthracite slack, etc. 

In the case of heats in which producer gas was used as 
fuel, two producers were operated directly in connection 
with the furnace under investigation. In order to obtain 
this condition, a battery was selected in which one open- 
hearth furnace was being rebuilt, and the test conducted on 
the one operating. A record was kept of the amount of coal 
charged, the steam pressure on the blower, and the analysis 
of the gas. Temperatures of the brickwork at the exit port, 
and of the slag at the same end, were taken every fifteen 
minutes with a Leeds and Northrup optical pyrometer. 

The run-off slag was collected in a previously weighed pot 
and the weight of individual run-offs kept separately. After 
the run-off slag had cooled, the slag pots were dumped and 
any metal button existing at the bottom was weighed sepa- 
rately and deducted from the slag weight. The time of 
tapping and the temperature of the steel leaving the furnace 
were noted. Temperatures were taken of the stream of 
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molten steel while pouring each ingot. After the pouring 
was finished, the slag remaining in the ladle was dumped into 
an empty slag pot and its weight obtained. The slag remain- 
ing in the ladle, together with ladle skull were removed and 
the individual weights obtained, as well as those of the mon- 
key and pit cinder, and any steel which collected in the pit. 

Dolomite, limestone and charge ore were sampled in the 
manner prescribed by the United States Steel Corporation 
Chemists’ Committee, the samples being obtained from the 
charging boxes. Samples of cold pig iron were taken from 
one pig out of every ten. Two samples of hot pig iron were 
obtained from each ladle of metal poured into the furnace. 


TEST NO, 1 TEST NO. 2 TEST MO. 3 


Blowholes appeared in Now.e2 & 3 


Teat was sound - free from 
blowholes 


Fia. 2.—Steel Sample Moulds. 


Feed ore, spar, burnt lime, ferro-manganese, anthracite slack, 
etc., were sampled at the furnace prior to being introduced. 

Prior to these investigations an effort had been made to 
obtain representative samples of slag and steel during the 
operation of a heat. Three methods were tried; the results 
of this investigation are shown in Fig. 2. Tests Nos. 1 and 
2 were conducted in the standard test mould; Test No. 3 in 
a mould of another design. In Test No. 1 no aluminum was 
placed in the bottom of the test mould, while the same small 
amount of aluminum wire was added in both Tests Nos. 
2 and 3. 

Drillings were made at various depths and at -various 
points from moulds, as shown in the sketch, and these drillings 


a) in 
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analyzed for sulphur. The method adopted in this investi- 
gation consisted in drilling the test piece from the bottom 
to a depth of not more than 34’’ and not less than 14”, the 
standard test mould being used with a small amount of 
aluminum. 

In order to eliminate any differences in analysis of various 
points of the bath, four samples of slag and four samples of 
steel were taken simultaneously, one in front of each of the 
three charging doors and one in front of the slag run-off 
opening at the back of the furnace. These samples were 
obtained, in a few heats, every twenty minutes for the first 
three hours of the heat, and after that every hour. Samples 
of the run-off slag were taken periodically during the time of 
the run-off from inside the furnace, immediately in front of 
the slag opening. 

Samples of the steel passing from the ladle into moulds 
were obtained after the first, eighth and seventeenth ingots 
had been poured, and a sample of the ladle slag was obtained 
after all the steel had been teemed. Monkey cinder and pit 
cinder were also sampled. 

Two samples of molten pig iron were taken from each 
ladle of hot metal added to the furnace, the samples being 
gauged so that one was taken when approximately one-third 
of the metal had been poured into the furnace and the second 
when two-thirds had been poured into the furnace. The 
sulphur content of the pig iron was determined in the steel 
works laboratory, by the evolution method, which consists 
in evolving hydrogen sulphide from the sulphur contained 
in the iron, absorbing the gas in cadmium chloride and 
titrating the amount of sulphur. Table 2 gives a comparison 
between the sulphur content of several samples of pig iron, 
as determined by the evolution and by the gravimetric 
methods. The first eight samples were taken in a cast iron 
mould and allowed to chill in the air, while the other samples 
were taken in the same mould, and then covered with sand 
so that cooling would take place gradually. 

It will be noted that discrepancies exist in the first group, 
but that close checks were obtained in the last samples 
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except in the case of those with very high sulphur content. 
From this it would appear that with chilling, the sulphur 
combines in some form other than iron or manganese sulphide, 
probably a carbon compound, and is not given up as hydro- 


TABLE 2.—ANALYSES OF PIG IRON 


Sample* Sul. Sul 
i” Fe C Mn P Si Evol. | Grav 
1 93.72 4.06 88 .206 1.10 030 .037 
2 93.79 4.00 By 204 1.15 031 039 
3 93.83 4.05 .88 161 1.04 038 .042 
4 93.62 3.99 91 165 E27 036 .043 
5 93.69 4.00 95 .129 1.19 032 044 
6 93.68 4.01 95 .129 £18 034 046 
i 93.59 4.01 .90 161 1.29 038 .046 
8 94.00 4.02 87 .200 86 034 048 
9 93.74 4.13 .79 153 1.16 .022 .023 
10 93.16 4.13 1.01 167 1.51 .027 025 
11 93.38 3.93 1.00 165 1.50 .026 -026 
ip, 93.25 4.05 1.02 156 1.50 .027 .027 
13 93.68 3.85 1.00 .162 1.28 .028 .029 
14 93.83 4.02 94 .160 1.02 .030 .030 
15 93.92 3.93 93 153 1.04 .030 031 
16 93.70 4.01 95 153 1.16 .032 .032 
17 93.96 3.84 mil 157 1.30 .033 .033 
18 94.05 3.88 .70 159 hgh? .033 034 
19 93.96 4.03 84 147 99 031 .034 

20 93.95 4.07 83 146 ‘O71 “al 034 
21 93.84 3.95 87 158 1.15 .032 035 
22 93.65 4.05 99 147 1.11 .030 .037 
23 93.64 4.18 92 152 1.07 .037 041 
24. 93.64 4.13 93 153 1.10 .037 .043 
25 94.12 3.81 .80 158 1.07 .040 045 
26 94.17 3.91 61 122 fis 052 054 
27 94.21 3.94 62 124 1.05 052 054 
28 94.82 3.78 .76 154 42 .066 .067 
29 95.36 3.80 .20 164 40 .068 074 
30 95.38 3.79 .20 .156 40 .068 076 
31 94.86 3.31 68 152 90 095 105 
32 95.84 3.35 OD .168 29 117 BEY/ 
33 96.04: 3.15 oa Rey) .29 .116 .138 
34 95.68 3.47 aS 127 40 125 141 


*Samples 1 to 8 inclusive are chilled samples; samples 9 to 34 inclusive 
are annealed samples. 


gen sulphide in the evolution method; and that gradual 
cooling allows the sulphur to form the usual sulphides, except 
when the sulphur content is very high, resulting in a check 
between the gravimetric and evolution methods of analysis. 

In order to eliminate any possible error due to method of 
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analysis, the gravimetric method was used for sulphur 
determinations on pig iron during the investigation. How- 
ever, for the daily operation of either blast furnaces or 
open-hearth furnaces the evolution method gives compara- 
tive results which are satisfactory. 

In the case of producer gas fired heats, a record of the 
steam pressure on each producer was taken every fifteen 
minutes, together with the number of hoppers of coal which 
were dumped. One sample of coal was taken each hour and 
analyzed for sulphur, while a composite sample of all hourly 
samples was analyzed for total sulphur, total carbon and 
proximate analysis. Samples of producer gas were taken 
every hour from the inlet port, while a simultaneous sample 
was taken of the exit port gases. 

Samples of the ashes from the producers were obtained 
at the first cleaning of the producer after the heat was 
finished. The amount of sulphur entering the furnace with 
the producer gas and leaving with the exit port gases was 
obtained in the following manner: A measured sample of 
each of the gases was obtained through a silica tube, which 
contained a plug of glass wool, and aspirated through a 
vanier bottle containing a solution of potassium bromide and 
free bromine. The silica tube, together with the glass wool, 
was washed after each determination and the amount of 
sulphur obtained at this point added to that absorbed in the 
bromine. Considerable difficulty was experienced in obtain- 
ing the sulphur content of the fuel and waste port gases. 
Several methods were tried, but the one described above 
gave the best results. 


PRESENTATION OF RESULTS 


The results obtained during the investigation are pre- 
sented in the following manner for each heat: A history 
sheet (Tables 3 to 21 inc.) gives the weight, time and analyses 
of all additions, the analyses of the slag and metal in the fur- 
nace and the weight, time, temperature and analyses of slag 
and steel leaving the furnace. The amounts of coal gasified 
and producer or natural gas entering the furnace are shown, 
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Fic. 4.—Open-Hearth Heat No. 82096. See Table 4. 
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Fra. 5.—Open-Hearth Heat No. 
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Fig. 6.—Open-Hearth Heat No. 85241. See Table 6. 
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Fia. 7.—Open-Hearth Heat No. 83330. See Table 7. 
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81292. See Table 8. 
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Fira. 9.—Open-Hearth Heat No. 83267. See Table 9. 
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Fra. 10.—Open-Hearth Heat No. 74256. See Table 10. 


AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


72 


HH 


Fig. 11.—Open-Hearth Heat No. 83254, 


See Table 11. 
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Fic. 12.—Open-Hearth Heat No. 81256. See Table 12. 
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Fra. 13 —Open-Hearth Heat No. 74251. See Table 13. 
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Fia. 14.—Open-Hearth Heat No. 83261. See Table 14. 
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Fic. 16.—Open-Hearth Heat No. 73259. See Table 16. 
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\'1a. 17.—Open-Hearth Heat No. 74279. See Table 17. 
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Fia. 18.—Open-Hearth Heat No. 88225. See Table 18. 
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Fic. ipes0 pee Heat No. 93168. See Table 19. 
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together with the amount of air entering and the waste gas 
leaving the furnace. A graphic study (Figs. 3 to 21 ine.) 
was prepared giving the analyses of steel and slag throughout 
the heat, temperature of the bath and the time and amount 
of additions. From these curves the rapidity of oxidation 
for the various elements may be observed, and the action of 
various additions or changes in the furnace operation studied. 


ACTION OF METALLOIDS IN FURNACE 
_ Element balances (Tables 22 and 23) were prepared for 
two of the heats investigated. These show the weight of the 
different elements brought into the furnace from the various 
sources, and leaving the furnace with the metal, slag or 
waste gases. 

No detailed study was made of the action of any of the 
metalloids except sulphur, but brief descriptions are included 
in the following paragraphs. The different elements are 
considered in the order of their removal from the pig iron. 
The elimination of sulphur is reserved for a future paper. 

Removal of Silicon—The silicon in the pig iron is very 
rapidly oxidized by the hot ore present in the furnace when 
the molten pig is added. During the investigation of the 
heats using no scrap and all molten pig iron, 98 per cent. of 
the silicon content of the pig metal was eliminated within an 
hour after the molten metal was added. 


dy Ciba Silicon Content of atpe! ig ce Molten 
ilicon Conten Pig Iron Had Been in Furnace 
Heat No. of Pig Metal 


14 Hour 1 Hour 114% Hours | 2 Hours 
Per cent. Per cent. Per cent. Per cent. | Per cent. 
80065 1.13 -045 .025 .013 .013 
82096 1.19 ear ee O01 O01 
82106 1.04 .180 .020 ay a. 
85241 1.50 .050 .030 | .02 


Most of the silica formed in this oxidation, together with 
that contained in the charge ore, leaves the furnace as part 
of the preliminary run-off slag. In heats using small per- 
centages of pig iron, however, the preliminary slag volume is 
small and most of the silica remains as part of the final slag. 
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Tables 24 and 25 give complete silica balances on all the 
heats investigated. The silicon content of the pig iron, 
while readily oxidized, may interfere with the removal of 
sulphur later in the heat by increasing the acidity of the slag. 

Removal of Manganese—Following the introduction of the 
molten pig iron in the furnace, the manganese content is 
oxidized almost as rapidly as the silicon. Later in the heat, 
however, there is a marked reversion of the manganese from 
the slag to the metal. This action can be plainly noticed by 
an inspection of the curves giving the analysis of metal 
throughout the heats investigated, and is shown below for 
the four heats in which the metallic charge consisted of all 
molten pig iron with no scrap. 


Manganese Manganese Content of Metal Bath 
Heat No. Soe 14 Hour After Adding | After Reversion 
& Pig Iron to Furnace of Manganese 

Per cent. Per cent. Per cent. 
80065 85 01 .06 
82096 95 .02 | 06 
82106 .88 .02 .04 
85241 1.01 .05 .09 


Removal of Phosphorus—The rate of oxidation of phos- 
phorus is not quite as great as that for manganese and silicon 
but occurs in the first stages of the heat. If the proportion 
of pig iron to scrap in the charge is such that a good amount 
of run-off slag is obtained, 70 per cent. or more of the total 
phosphorus entering the furnace will be removed at that time. 

The basicity of the final slag determines the amount of 
phosphorus which that slag can hold. If the phosphorus 
content of the pig iron is similar to that produced from Lake 
Superior ores, the demand for basicity of slag for sulphur 
removal is much greater than that required by the phos- 
phorus, so that little difficulty should be encountered in 
producing steels of low phosphorus content. The amount 
of phosphorus entering the furnace with the main charge, ‘.e., 
with the dolomite, limestone, charge ore and pig iron, is 
given in the following table, together with the amount carried 
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off in the run-off slag, and the drop in phosphorus content of 
the metal bath, for the heats using all molten pig iron and 
no scrap. 


Lbs. of Phosphorus Enterin : 
slat g THRE Siew Per cent gp epboms 
Fiat phorusLeaving 
No . : Furnace with | Molten Bath 

* |Dolo-|Lime-| Charge | Pig Tota]| Preliminary | Pig After Completion 
mite|stone} Ore | Iron Run-off Slag | Iron Gf Glas Runoff 

80065} 3 4 43 266 | 316 255 .205 .023 

, 82096] 3 4 ag 181 | 225 151 129 .018 

" 82106) 2 4 40 Bie 257 197 162 .007 

85241) 1 2 42 213 | 258 168 163 008 


Removal of Carbon—Carbon in the pig iron furnishes 
the greatest weight of any element which must be removed by 
oxidation during the open-hearth process. For this reason, 
the time required for making a heat of open-hearth steel is 
usually the time required for oxidizing the carbon to the 
point required in the process. The carbon is oxidized 
principally by the iron ore introduced when charging the 
furnace, or added after the final slag has formed; however, 
the oxidation of the scrap may be quite a factor if thin 
scrap is used. In most of the heats investigated the oxida- 
tion of the carbon was continued until the metal bath con- 
tained one-tenth of one per cent. 

The gradual oxidation of the carbon throughout the heat 
is shown by the curves in Fig. 22. 

Removal of Sulphur—Sulphur is not as readily removable 
in the open-hearth furnace as are the other metalloids, 
previously considered. For this reason the study of the 
sulphur removal will be reserved for a subsequent paper. 

Additions of Metalloids—A practice, common in a number 
of open-hearth plants for obtaining steel of a desired analysis, 
is to reduce the metalloids in all open-hearth heats to the 
same concentration, mz., carbon to .10; manganese to .10 
to .20; phosphorus to .020 and silicon to .03, and to make 
additions of the various ingredients necessary to give the final 
analysis desired. This procedure has the distinct advantage 
of making the furnace men more expert in the handling of a 
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furnace charge, and eliminates the delays caused by the 
necessity for a chemical analysis before tapping a heat. 

In the ordinary grades of open-hearth steel the desired 
physical characteristics are obtained by varying the per- 
centage of the following constituents: carbon, manganese, 
phosphorus, sulphur and silicon. 

Carbon—For steels having a relatively low carbon con- 
tent, 7.e., up to .25 per cent., carbon is added to the steel in 
the form of dried anthracite slack. This material is added 


Fria. 22.—Removal of Carbon. 


to the steel (usually in 50-lb. sacks) as it runs into the ladle. 
About 60 per cent. of the carbon in the anthracite slack 
enters the steel. When steel having a carbon content of 
over .25 per cent. is to be made, the most effective method of 
adding carbon is by the use of molten pig iron. This method 
of recarburization cannot be used ‘on steel having a lower 
carbon content, because of the small quantity of iron neces- 
sary to raise this constituent to the desired point. When 
hot metal is added to an open-hearth heat, it is poured into 
the furnace while the bath is being tapped. This is done to 
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thoroughly mix the iron and steel and secure a perfectly 
homogeneous mixture. When using hot metal, its other 
constituents, manganese, phosphorus and silicon, which also 
enter the steel, must be considered. Ninety to ninety-five 
per cent. of the carbon content of the iron used in the process 
of recarburizing with pig iron will be found in the steel. 

Silicon—This element is added to open-hearth steel to 
insure its complete deoxidation and to increase its tensile 
strength. Usually the addition, in the form of a ferro-alloy 
containing 50 to 60 per cent. silicon, is made in the ladle 
while the metal is being tapped from the furnace, and a 
metallic efficiency of about 85 per cent. is obtained. 

Sulphur—Certaii grades of steel, technically known as 
secrew-stock, contain a high percentage of sulphur, .065 to 
.110 per cent. This element, in the form of stick sulphur, 
is added to the steel in the open-hearth ladle and has an 
efficiency of 50 to 60 per cent. 

Phosphorus—Much of the steel used in the manufacture 
of sheet and tin plate must contain a considerable quantity 
of phosphorus, .050 to .075 per cent., in order to prevent 
sheets from sticking together when rolled. The phosphorus 
is added to open-hearth steel in the ladle as ferro-phosphorus, 
an alloy, containing 18 per cent. phosphorus and has an 
efficiency of 63 to 66 per cent. 

Manganese—The most widely used element in the manu- 
facture of steel is manganese. It serves as a deoxidizing 
agent and also increases the tensile strength of steel. The 
manganese content of commercial open-hearth steel varies 
over wide limits, rarely going below .35 per cent. or above 
1.25 per cent. It is added to steel as a ferro-alloy containing 
about 80 per cent. manganese. For steels having a low 
manganese content, the ferro-alloy is added in the open- 
hearth ladle and has a metallic efficiency of from 70 to 
80 per cent. When making the higher content manganese 
steel, the quantity of ferro-alloy necessary to give the 
desired manganese content is too great to be added in the 
ladle, and it must be added in the open-hearth furnace. 
When so used, its efficiency is from 75 to 85 per cent. This 
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higher efficiency of ferro-manganese when added in the 
open-hearth furnace results from the amount of the material 
so added, for, while the percentage loss is less, the actual 
weight of manganese oxidized is much greater and is sufh- 
cient to satisfy the affinity of the slag for the metalloid. 
The losses of metallic manganese are quite variable and 
depend on the presence of other oxidizable elements, the 
oxidizing power of the slag, the temperature of the steel 
when the ferro-alloy is added in the furnace, and on the 
time of additions. 


ADDITION OF ALLOYS 


The time and method of making alloy additions to an 
open-hearth furnace is governed by the quantity of material 
to be added and by the degree to which these additions are 
susceptible to oxidation. Most of the substances used in the 
manufacture of alloy steel are added to the molten metal as 
ferro-alloys, 7.e., combinations of iron and the element 
desired in its greatest commercially possible concentration. 
Some elements used in the manufacture of the most common 
types of alloy steel, are so slightly oxidized under furnace 
conditions that they are usually added, either wholly or in 
part, with the furnace charge; the most widely used of these 
are copper, nickel, and molybdenum. Others, such as 
chromium and vanadium, havea great affinity for oxygen and 
must be handled more carefully, in order to avoid excessive 
losses. Ferro-chromium, because of its high melting point, 
must be added to the bath of the furnace, while ferro- 
vanadium, which melts at a lower temperature and is used 
in smaller quantities, is usually added to the steel as it flows 
into the ladle. The first class of elements (copper, nickel, 
and molybdenum) can be recovered from steel scrap, while 
the second class, such as chromium and vanadium, cannot. 

The metallic efficiency, 7.e., the proportion of the element 
added which enters the steel, varies within very narrow 
limits in the case of the non-oxidizable elements, but may 
vary over wide limits in the case of elements which readily 
combine with oxygen. In the case of the latter group, the 
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efficiency depends on the character of the charge, the degree 
to which oxidation has taken place in the furnace and the 
temperature of the molten bath. It is in the frequent 
reproduction of conditions unfavorable to oxidation, and 
therefore conducive to highly efficient alloy additions, that 
is a true test of a steel melter’s ability. There are certain 
losses, such as steel carried out of the furnace in the run-off 
slag, steel oxidized during the boiling period or carried over 
into the slag pockets by the exit gases, which tend to decrease 
the metallic efficiency of alloying elements added with the 
charge. These losses, however, are very small. 

Nickel is added to steel as nickel scrap or pig nickel. A 
large part is placed in the furnace with the original charge, 
but the final addition is made after the heat is nearly ready 
to tap and after a preliminary analysis has shown the amount 
to be added. The loss in metallic nickel will vary from 2 to 
7 per cent. Two typical nickel steel heat charges follow: 


Scrap Metallic 


Z Nickel Content : 
3.26 - MoE | Pig | otal | of Finished bye aay Ons 
Per cent.| Other | per cent. ae Charge Steel Per cent. 
Nickel | 8°t@P |" Nickel Ais 
44,700 | None 3,300 |90,900| 135,600 See, 97 
93,700 | None 3,045 {56,800} 150,500 3.48 93.5 


The most widely used copper steel contains under 0.5 of 
The additions of copper to an open- 


1 per cent. copper. 


hearth heat are made in the form of copper pigs, and are 
either added with the charge or from twenty to forty minutes 
before tapping. The efficiency of copper is from 94 to 98 
per cent. 

Chromium is added to steel in the form of ferro-chrome, 
an alloy containing from 60 to 70 per cent. chromium. It is 
heated to a dull red and added to the bath of an open-hearth 
furnace from six to twenty minutes before tapping a heat. 
The efficiency of chromium varies over the wide limits of 
55 to 75 per cent., depending on the type of furnace charge, 
the degree of oxidation of the bath, the temperature of the 
steel and the presence of other readily oxidizable elements 
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The average efficiency in 83 heats was 


66.25 per cent. Typical charges for chrome heats are 


given below: 


Hot _ |Chromium Con-| Efficiency of 
Chrome| Other] Pig | Total | Gjrmme| tent of — |Metallie Chrome 
Scrap |Scrap| Tron | Charge | Aqdeq | Finished Steel Per cent. 
Per cent. 
odes 46,500| 102,000} 148,500 | 3,200 -98 65.91 
Peterie 47,200} 103,600| 150,800 | 3,125 1.00 67.57 
(oe, LOO) ives 74,800} 147,900 | 1,600 62 70.01 


Molybdenum, being one of the elements only slightly 


oxidized in an open-hearth furnace, can be added as a con- 
stituent of the scrap when charging a heat or as ferro-molyb- 
denum from one to one and one-half hours before tapping. 
The metallic efficiency varies between 85 and 90 per cent. 
Typical molybdenum steel furnace charges are: 


Molybdenum ; 
Molyb- Efficiency of 
th Hot Ferro- Content of : - 
fh Sine: Seep | Pig | Let |Molybdenum| Finished |Metallie Molyb 
ss Tron arge| — Added Steel Des ant 
Per cent. : 
43,000 | 28,200 | 61,000 | 137,700 750 37 87.8 
40,000 | 32,200 | 60,000 | 137,225 700 35 86.0 


The average efficiency on a number of heats was 87.16 
per cent. 


Evectric FURNACE PRACTICE 


The manufacture of electric steel as carried out in the 
Duquesne Works of the Carnegie Steel Company is a duplex 
process, in which part of the finished product of an open- 
_ hearth furnace, while still in the molten state, is transferred 
to a 20-ton Heroult electric furnace equipped with 20’ 
amorphous carbon electrodes. Here, after deoxidation and 
partial desulphurization, it is converted into tool or .alloy 
steel. In this way the sensible heat of the metal is conserved, 
the losses and difficulties incident to charging and melting 
down are eliminated, and power costs reduced. While this 
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method is economical, it cannot be used to the highest advan- 
tage even in a plant of 32 stationary open-hearth furnaces, 
because of delays incident to charging. The elimination of 
such delays requires the installation of a tilting open-hearth 
furnace as a source of supply for the electric furnace. 

The steel for the electric furnace is poured into a transfer 
ladle through the nozzle of an open-hearth ladle, to eliminate 
slag. In pouring into the electric furnace it is chilled and 
partly solidified. The power is turned on and after melting, 

_the slag, which consists principally of burnt lime mixed with 
varying quantities of crushed coke and small amounts of 
river sand and fluorspar, is added in quantities from 50 to 
100 pounds. As the slag accomplishes the deoxidation and 

' desulphurization, the progress of which is carefully watched 

by means of slag and steel tests, the character of the slag 
additions are changed to suit the conditions, 7.e., the propor- 
tion of coke dust in the slag mixture increased or decreased. 

When the bath has reached the point of complete deoxi- 
dation and the desulphurization is well advanced, the alloy 
additions are made. Chemical and physical tests of steel, 
and careful inspection of slag indicate when the heat is ready 
for tapping. The furnace is of the tilting type with a slag 
skimmer attached to the spout, to prevent mixing of steel 
and slag when pouring into the ladle. From the ladle to the 
mould the usual method of pouring steel is used. Because 
of the reducing atmosphere of the electric furnace, the alloy 
losses are very small. 

The histories of a number of typical electric furnace heats 
are given in Table 26. This table includes a tool steel heat 
and three alloy heats, one each of chrome, nickel and nickel- 
chrome. 


CALCULATION OF CHARGE 


Functions of Materials Charged—The principal materials 
making up the charge of an open-hearth furnace are pig 
iron, scrap, limestone, ore and dolomite. The steel is 
derived from the pig iron and scrap charged, the former con- 
taining the impurities, carbon, manganese, phosphorus, 
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TABLE 26.—HISTORIES OF TYPICAL ELECTRIC STEEL HEATS 


j Nickel- 
Chrome Nickel Picasa 
Weight of steel charged in 
TUPNA CC DSa coc suena. 56,800 49,100 50,900 
MMe TCHAPC EC's ciel ssjatae ees 10:05 a.M.| 7:50 P.M. | 9:15 a.m. 
Analysis of Charge: 

BYDOMN cero Peels peta aay 18 23 10 
Manganese............ AT 39 38 
PHOSphOLus «<1 satire .005 .031 .005 
DULDIUN a end ean eee arte 035 .054 035 

Additions at time of charge, 
(Corll ile cate, Sagton ae a COO gence ie, eee 
Slag Mixture: 
RRIVERSATC nets « sietanniale as 100 100 100 
Burntitmeses... eras ae 940 980 980 
UB NNCesus} OBI ta cial cman ote 160 165 160 
Crushed coke........... 160 180 160 
Preliminary Analysis: 
No. 1 Electrode—C..... .67 24 .O8 
n.. 38 42 23 
Die ee .033 .051 039 
No. 2 Electrode—C..... 91 wal .09 
ree .39 Al wo 
Additions in Furnace: 
Ferro-manganese—lbs...| ...... 105 175 
Herro-chrome. = -2..:..- LAS cae 665 
Merro-silicon «asic es ewes 140 100 308 
0) 2) LOR BRET eRe, Uy oe a 1,850 1,660 
Aime WAPPEG sis ws. ow dee 1:40 p.m. | 12:35 a.m. | 1:10 P.M. 
Time of heat. 5.3 eae 3 hr. 35 min./4 hr. 35 min.|3 hr. 55 min. 
K.W. hours per ton....... 200 277 282 
Productilbs:seieuas sae aoe 56,100 50,800 52,200 
Ladle Analysis: 
Cay DOs eed eta: .95 oo .20 
Manganese............ 30 .59 A9 
PROBDHOMGSs. ce acer .006 .029 .005 
SULLA ATT Ape eae ee .016 023 .027 
Pilleon7 ase ae 15 15 35 
INI CKGM Waa ty ee eee 3.66 3.03 
CHROME, ye dine adel eke V4.5 ales Sete .80 
Slag Analysis: 
PULICA ae Mede acertes cote 17.40 21.10 22.00 
[rein Seer be ee 1.02 1.02 1.24 
Manganese. ........... 36 .07 .97 
Tinie. Sonera ate eee 63.60 68.10 55.20 
Sulphur..... ia ea cant 2.83 1.27 .70 
Calcium carbide. ....... 1.26 .40 .06 


Tool 


600 


100 
960 
150 
165 


1355 ASM. 


54,400 
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sulphur and silicon, which must be eliminated by oxidation. 
The latter absorbs oxygen from the flame during the melting 
period forming oxide of iron, which later supplies some of the 
oxygen required for the elimination of the impurities in the 
pig iron. The limestone is primarily added as a flux and 
supplies the lime required to form a suitable slag, with the 
other oxides present. It also supplies part of the oxygen 
required for the oxidation of the impurities in the pig iron. 
When the proportion of scrap to total metallic charge is high, 
and especially if the scrap be light, the oxygen from the 
limestone and from the iron oxide formed while melting the 
scrap is sufficient to oxidize the impurities in the pig iron, 
and to furnish sufficient oxide of iron for the slag. If, how- 
ever, the oxygen supply from these two sources is not suffi- 
cient to meet requirements, then oxygen in the form of iron 
ore is added. If the oxygen from limestone and from melt- 
ing scrap is more than required, coke is charged into the 
furnace. 

Dolomite is used primarily in the furnace to form the 
bottom and banks. The base in the run-off slag is, however, 
mostly from the dolomite, since the limestone has not been 
calcined and assimilated into the slag at this period of 
the heat. 

Functions of Slags—The function of the slag is to form 
a medium for removing the solid oxides formed from 
the impurities in the pig iron. ‘The silica resulting from the 
oxidation of the silicon of the pig iron, and that contained 
in the ore, limestone and dolomite combines with lime and 
oxide of iron and manganese to form a fluid slag. ‘The 
phosphorus is oxidized to phosphate and enters the slag as 
calcium phosphate, the sulphur enters the slag as sulphide, 
and later a large portion is oxidized to calcium sulphate. 
The ratio of lime to silica should be as high as possible, 
bearing in mind that the slag must be fluid and not viscous. 
Fluidity of a slag is aided by fluorspar and by iron oxide. 
Iron oxide also must be present for its oxidizing effect. If 
the iron oxide falls below certain values, the oxidizing power 
of the slag will be insufficient to hold the phosphorus and 
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sulphur, and may even permit the reduction of the phosphate 
and sulphate previously formed, causing a reversion of these 
elements from the slag to the steel. 

Basis of Calculation—From the investigation made, 
slags of the following composition. give the desired results, 
and will be used as a basis in the derivation of a method of 
calculating the charge. 


Run-off Slag | Tapping Slag 
DITCH sis win Steen curr o ons ake 20 per cent. 15 per cent. 
IEF GTUE SA TAGS oo eue «bree hemes Ge es 40 per cent. 20 per cent. 
Oxygen combined with iron ...| 12 per cent. 6 per cent. 
Dime Peek ete aie eens ee 14 per cent. 46 per cent. 
Mia gii@sial ste tre. taneous 7 per cent. 6 per cent. 
Others; MnO, Al.O;......... 7 per cent. 7 per cent. 


It will be noted that these slags are oxidizing, the run-off 
slag more than the tapping slag; and that the ratio of lime 
to silica in the tapping slag is about 3to 1. The calculations 
will be given in detail and letters will be used for the weights 
of the various materials as follows: 


P= Pounds of pig iron charged 

S = Pounds of scrap charged 

O = Pounds of ore charged 

L= Pounds of limestone charged 
D = Pounds of dolomite used 

B = Pounds of silicon in 1 lb. of pig iron 

C = Pounds of silica in 1 lb. of ore 

E = Pounds of silica in 1 lb. of dolomite 

H = Pounds of silica in 1 lb. of limestone 

R= Pounds of run-off slag 

T =Pounds of tapping slag 

U =Ratio of tapping slag to metallic charge (P+8) 
N = Pounds of oxygen combined with scrap on melting 


It is apparent that, since the amount of run-off slag varies 
considerably, the total weight of slag cannot be calculated 
from any ingredient. The assumption is made, however, 
that the weight of tapping slag would remain fairly constant 


ee 
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for any given furnace, and might be stated as a percentage of 
the weight of pig iron and scrap: 


Then: T =U(P +8). 


Any slag formed in addition to this would be run-off. 

Ore to be Charged—A calculation of ore charged is in 
reality an oxygen balance. Oxygen is needed to oxidize the 
impurities and to form oxide of iron in the slag; it is supplied 
by scale from melting scrap, by limestone and by ore. 

Oxygen Requirement of Pig Iron—The pig iron analysis 
may be assumed as 4.00 per cent. carbon, 1.00 per cent. 
manganese, .15 per cent. phosphorus, .03 per cent. sulphur 
and 1.00 per cent. silicon. In these calculations the metal 
bath is reduced to .10 per cent. carbon, the bath being recar- 
burized as desired. The oxygen required to oxidize the 
carbon, manganese and phosphorus, leaving .10 per cent. 
carbon, .10 per cent. manganese and .02 per cent. phosphorus 
in the steel, is calculated as 5.64 per cent. of the weight of pig 
iron; the oxygen to oxidize the silicon of the pig iron is 
1.13 times the silicon. Summarizing: — 


Oxygen required by pig iron = P(.0564 + 1.13B). (1) 


Oxygen Requirement of the Slags—It is desired, for 
convenience, to express all factors governing the oxygen 
requirement in terms of silica. From a study of the slag 
analyses given previously, it is seen that the oxygen com- 
bined with iron (the only oxygen available for oxidation) is 
.6 of the silica in the run-off and .4 in the tapping slag. The 
silica resulting from pig iron is 2.13 BP; the silica from ore 
is CO; from dolomite, DE, from limestone, HL, or 


Total silica in slags = 2.13BP + CO + DE + HL. (2) 

The weight and silica content of the dolomite remain 

fairly constant and DE = .1 the total silica, substituting 
in equation (2). 

Total silica in slags = 2.367BP + 1.11HL + 1.11C0O. (8) 


From analysis: 
Silica in tapping slag ‘= .15T. (4) 
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By subtraction: 
Silica in run-off slag = 2.367BP + 1.11HL 4+ 1.11CO — .15T. (5) 


As previously mentioned: 

Oxygen in tapping slag = .4 X .15T = .O6T. (6) 
And: 
Oxygen in run-off slag = .06(2.367BP + 1.11HL + 1.11CO — .15T). (7) 


By addition: 
Oxygen in both slags = 1.4202BP + .667HL + .667CO — .03T. (8) 


Total oxygen required for oxidation and slag formation is 
given by the sum of equations (1) and (8): 


Total oxygen required = .0564P + 2.55BP (9) 
aay + .667HL + .667CO — .03T. 


Oxidizing Power of Limestone—Limestone in the bottom 
of the furnace breaks up into CaO and COs, the CO, rising 
through the bath is reduced by the carbon of the bath, 
forming CO, according to the equation C + CO, = 2CO. 
The carbonate of magnesia present is decomposed in the 
same manner. The oxygen available from limestone 


is then: 
2 CaO + 3 MgO. 


The limestone may be considered as carbonates and clay, 
which is roughly 1.5 times the silica. 


Then: Carbonates = 100 — 1.5SiO.. 


With the low magnesia content of open-hearth limestones 
in common use, the available oxygen equals 16 per cent. of 
the carbonates. 


Whence: 


Available oxygen from limestone = L(? CaO + 2 MgO) - 1 
= L(.16 — .24H). ( 0) 


Oxidizing Power of Scrap—The scrap in melting is 
oxidized on the surface. The amount of oxygen absorbed, 
in pounds per heat, is represented by N. The amount of 


ee 
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oxygen absorbed by the scrap varies with the size and shape 
of the scrap; it has been considered as follows: 


N = 1 per cent. of cold pig iron and ingots + 2 per cent. of blooms 
+ 3 per cent. of miscellaneous heavy scrap + 4 per cent. of bars 
and pit scrap + 5 per cent. of miscellaneous light scrap + 6 per (11) 
cent. of sheet or tin scrap. 


Oxidizing Power of Ore—The oxygen combined with the 
iron in hematite ore is # of the iron. Oxygen to be supplied 
by ore is the oxygen required by pig iron and slag minus that 
supplied by limestone and melting scrap and from equations 
(9), (10) and (11). 


Oxygen required from ore: 


.0564P + 2.55BP + .667HL + .667CO 
—.03T—L(# CaO + # MgO) — N (12) 


Ore required to supply the oxygen is: 


-0564P + 2.55BP + .667HL + .667CO — .03T — L(?CaO + 2 MgO) —N 
a= 2Fe 
; (13) 


Simplifying : 


_ .0564P + 2.55BP — .03T — L(# CaO + 2 MgO — 3H) —N 
te # Fe — 4C. (14) 


This formula may be still further simplified, for the 
average ore in use at individual open-hearths, by expressing 
the oxygen in the ore in terms of silica content. An average 
of ore analyses at this plant indicates that the oxygen in one 
pound of ore = .247 — .8C. By substituting this value and 
that obtained from equation (10) in equation (14): 


P(.0564 + 2.55B) — .03T — L(.16 — .907H) — N 
ae 247 — .967C. (15) 


LIMESTONE TO BE CHARGED 


Lime Requirement of Slags—The limestone is added in 
sufficient quantity to supply lime for the silica from pig 
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iron, ore and limestone. Desirable slags have been given 
and part of their analyses is repeated here: 


Run-Off Slag Tapping Slag 
iQue. mice e ano sont 20 per cent. 15 per cent. 
Byes Wa Meaerey irene re Aciiee 14 per cent. 46 per cent. 
IM aenesiaien =e aes 7 per cent. 6 per cent. 


The magnesia comes largely from the dolomite, and no 
considerable error is introduced in considering that ten- 
sevenths of the magnesia in the slag is the lime from the 
dolomite. 


Then: 


Lime from limestone = CaO in slag — 4+,2Mg0O in slag and is equal (1 6) 
to 4 per cent. for the run-off and 38 per cent. for tapping slag. 


From the analyses of slags given, and equation (16), the 
ratio of lime from the limestone to total silica is, in the two 
slags, as follows: .2 for run-off and 2.5 for tapping. In other 
words, the lime from limestone is .2 the silica in run-off slag 
and 2.5 times the silica in tapping slag. 


From equation (4) 
Lime for tapping slag = 2.5 X .15T = .3875T. (17) 


From equation (5) 


Lime from limestone for run-off slag = .2(2.367BP + 
1.1J1HL + 1.11CO — .15T). 


Or, combining and simplifying 
Lime for total slag = .4734BP + .222HL + .222CO + .345T. (18) 


Lime from Limestone—In the following calculations, the 
CaO in the limestone is used first, and then to simplify the 
calculations, its value in terms of silica contained in the stone 
in common use at this plant is substituted. 

Or 100 — SiO. 


CaO = 
0 ee (19) 


ee Te oe 
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Limestone Charged—The limestone to be added is the 
lime required divided by the lime in the stone or from 
equation (19). 

4734BP + .222HL + .222CO + .345T 


jis = 
CaO (20) 
Or .4734BP + .345T + .222CO 
L = a (21) 
110 — .222H 


But this expression contains the quantity O, pounds of 
ore charged, and it is eliminated by substituting its value 
from equation (14). 


L(CaO — .222H) = .4737BP + .345T + 
.222C(.0564P + 2.55BP — .03T — L(?CaO + 2MgO — 2H)—N 


2Fe — 2C 


Which simplifies to: 
- (.4737BP + .345T) (2Fe — 2C) + 


(Fe — 2C) (CaO — .222H) + 
.222C (.0564P + 2.55BP — .03T — N) 


.222C(2CaO + 2MgO — 2H) 


(22) 


The equation is simplified for the materials in use at this 
plant by substituting in equation (21) the value of CaO from 
equation (19). 

Phen: ae A737BP + .222CO + .345T 

. 54 — .722H 


The O value in this equation is eliminated by substitution 


from equation (15). 
L(.54 — .722H) = .4734BP + .345T + 
.222C(.0564P + 2.55BP — .03T — L(.16 — .907H) — N 


247 — .967C 
Which is simplified to: : 
P(.1169B + .11BC + .0125C) + T(.0852 — .34C) — .2220N 
Siig 13338 — .178H — .487C + .5CH 


(23) 


Graphic Determinations—The equations derived above 
are repeated here for comparison: 
- P(.0564 + 2.55B) — .03T — L(.16 — .907H) — N 
O= (15) 
.247 — .967C 
P(.1169B + .11BC + .0125C) + T(.0852 — .34C) — .222CN 


.13338 — .178H — .487C + .6CH 


(23) 
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In each of these equations, it is noted there are three 
main factors. The amount of ore is dependent upon the pig 
iron and its analysis, the limestone and its analysis and the 
oxygen absorbed by the scrap, as well as by the analysis of 
the ore. The limestone depends upon the pig iron and its 
analysis, the weight of tapping slag and the analysis of ore 
and limestone. Unless an analysis is assumed for certain 
materials, it is impossible to draw a single curve for the 
determination of the charge, but through a system of curves, 
the result may be calculated. 

Groups of curves are given in Figs. 23 and 24 for graphi- 
cally obtaining the required amounts of limestone and ore to 
be charged. These curves were plotted from calculations 
indicated in Tables 27 and 28, which were obtained by sub- 
stituting values as indicated, in equations 15 and 23. The 
quantity ““T” was eliminated in the latter table by substi- 
tution of its value from Table 27. 


TABLE 27.—LIMESTONE TO BE CHARGED, VARIABLE 
SILICA IN STONE AND ORE 


If H = .0landC =.04, L = P(.0044 + 1.08 B) + .687 T — .079 N 
05 P(.0058 + 1.14 B) + .634 T — .103 N 
06 P(.0073 + 1.20 B) + .681 T — .130 N 
07 P(.0089 + 1.27 B) + .627 T — .159 N 
08 P(.0107 + 1.35 B) + .623 T — .190 N 
.09 P(.0127 + 1.44 B) + 619 T — .226 N 
-10 P(.0149 + 1.53 B) + 614 T — .266 N 
If H = .02andC =.04, L = P(.0045 + 1.09 B) + .646 T — -080 N 
.05 P(.0059 + 1.16 B) + .644 T — .105 N 
06 P(.0074 + 1.22 B) + .640 T — .132 N 
07 P(.0091 + 1.29 B) + .636 T — .161 N 
08 P(.0109 + 1.37 B)-+ .633 T ~ .194 N 
09 P(.0180 + 1.46 B) + .629 T — .230 N 
10 P(.0152 + 1.56 B) + .623 T — 270 N 
If H = 03 andC =.04, L = P(.0046 + 1.11 B) + .656 T — .081 N 
-05 P(.0060 + 1.17 B) + .653 T — 106 N 
06 P(.0075 + 1.24 B) + .650 T — .134 N 
O7 P(.0092 + 1.31 B) + .646 T — .164 N 
08 P(.0111 + 1.39 B) + .642 T — .197 N 
09 P(.0182 + 1.48 B) + .636 T — .233 N 
10 P(.0155 + 1.58 B) + .633 T — 275 N 


From a study of this table, it is seen that the variation of 
silica from 2 per cent. to 1 per cent., or from 2 per cent. to 
3 per cent., in the stone causes a change in the stone to be 


- ay mee — a hn 


a 


RY Om a We 


es 


| 
j 
| 


a 


BASIC OPEN-HEARTH STEEL PRACTICE—DIEHL 105 


charged of .0002 times the pig iron (P), plus .01 times the 
tapping slag (T), minus .002 times the oxygen from flame 


a8: 
Ht 


Fic. 23.—Graphie Diagram for Determination of Ore Charge. 
(N). The sum of the first and last items is negligible. The 


second item amounts to from 100 to 200 pounds of stone, 
and is included in the curves. 
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The stone to be charged is the sum of the factor found in 
the pig iron curves, times the weight of pig iron, plus the i 
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Fig. 24.—Graphic Diagram for Determination of Limestone Charge. 


factor from the (T) curves, times the weight of tapping slag, 
minus the factor from the (N) curve, times the weight of 
oxygen from flame. 
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The weight of tapping slag is given as the base for the sec- 
ond item of the curve. The value of this must be obtained 
for each furnace or group of furnaces beforehand. It depends 
upon the size of the furnace and the charge. Roughly it is 10 
per cent. of the metallic charge or T = .1(P + 8). 

The weight of oxygen from the flame depends upon the 
weight of scrap and the size of the pieces of scrap; it may also 
depend upon the percentage of oxygen in the flame and the 
temperature of the flame. / 

. The following example is given to indicate the method 
of using the curves: 

Assume: Silicon in pig iron = 1.00% 

Silica in ore =6.00% 
Silica in stone =2.00% 
Then: In Fig. 24, from the pig iron curves is obtained: 
1.96% X weight of pig iron 
From the T curves: 
64% X weight of tapping slag 
From the N curves: 
13.2% X oxygen from the flame 
Or, weight of limestone to be charged: 
L=.0196P + .64T — .132N 


TABLE 28.—ORE TO BE CHARGED, VARIABLE SILICA IN STONE 


AND ORE 
lf H = .0l andC = (04, O = P(.272 + 12.48 B) — 482 N — .95 L 
05 P(.285 + 13.09 B) — 5.05 N.— .99 L 
06 P(.300 + 13.79 B) — 5.32 N — 1.04 L 
07 P(.316 + 14.50 B) — 5.60 N — 1.10 L 
-08 P(.3385 + 15.41 B) — 595 N — 1.17 L 
09 P(.356 + 16.38 B) — 6.32.N — 1.23 L 
10 P(.380 + 17.47 B) — 6.74 N — 1.82 L 
If H = .02andC = .04, O = P(.272 + 12.48 B) — 4.82 N — .90 L 
05 P(.285 + 13.08 B) — 5.05 N — .95 L 
06 P(.300 + 13.79 B) — 5.32 N — 1.00 L 
07 P(.316 + 14.50 B) — 5.59 N — 1.05 L 
08 P(.335 + 15.41 B) — 5.95 N — 1.11 L 
09 P(.356 + 16.37 B) — 6.32 N — 1.18 L 
10 P(.380 + 17.47 B) — 6.74 N — 1.26 L 
If H = .03andC = .04, O = P(.272 + 12.48 B) — 482 N — .86 L 
05 P(.285 + 13.09 B) — 5.05 N — .90 L 
06 P(.300 + 13.79 B) — 532 N — .95 L 
07 P(.316 + 14.50 B) — 5.60 N — 1.00 L 
08 P(.3385 + 15.41 B) — 5.95 N — 1.06 L 
.09 P(.356 + 16.38 B) — 6.32 N — 1.13 L 
10 P(.380 + 17.47 B) — 6.74 N — 1.20 L 
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From this table, it is seen that the percentage of silica in 
the stone effects the equation only in the factor to be multi- 
plied by L. Therefore, three curves are drawn, based upon 
the weight of limestone charged; one each for 1 per cent., 
2 per cent. and 3 per cent. silica in the stone. The curves for 
calculating the amount of ore to be charged are shown 
in Fig. 23. 

The ore to be casera is equal to the factor from the pig 
iron curve, times the weight of pig iron, minus the factor 
from the N curve, times ‘“‘N’’, the mickeht of oxygen from 
flame, minus the factor from the L curve, times ‘‘L’’, the 
weight of limestone calculated. The following example is 
given to indicate the method of using the curves: 

Assume: Silicon in pig iron=1.00% 

Silica in limestone =2.00% 

Silica in ore 6.00% 
Then: From the curves shown in Fig. 23: 
From the pig iron curves is obtained: 

43.8% X weight of pig iron 

From the N curves is obtained: 

5.3 X oxygen from the flame 

From the L curves is obtained: 

1.0 X weight of limestone charged 

And weight of ore to be charged: 

O=.438 P —5.3N—L 

In a charge, if excessive stone has been used, the ore to 
be charged should be less. The oxygen in the stone is 
represented by: 

.16—.24 H(Equation 10) 

Oxygen for the slag is .4H 

Then: The available oxygen is: 

16 — .64 H 
The oxygen in ore is stated as: 
.247 — .3C 
The slag requires .4 C 
Then: The available oxygen is: 
247 — .7C 


Ore equivalent f — :16 — 64H 
q t for stone yy ae 


ie De | 
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If H = .02 and C = .06, which are average values, then 
the ore equivalent for stone is .718, or if excessive stone is 
added, the ore should be reduced 70 per cent. of the exces: 
Sive stone. 

In order to simplify the calculation so that it could readily 
be used in open-hearth operation, the curves given in Fig. 25 
were constructed for the materials in use at this plant. 

If the average silica in the ore and limestone be respec- 


Fig. 25.—Graphic Diagram for Determination of Open-Hearth Charge, 
Simplified by Assuming Conditions from Plant Materials. 

tively 6 per cent. and 1.50 per cent., in the. natural state, 

then the same equations become as follows: 


L = P(.0074 + 1.21B) + .636T — .13N 
O = P(.3002 + 13.79B) — 5.32N — L 


These equations were then used for constructing the 
curves in Fig. 25, and the directions given show the method 
of calculating the charge. For example, suppose the pig 
iron to be 100,000 pounds of 1.00 per cent. silicon, the scrap 
to be 20,000 pounds blooms and 20,000 pounds miscellaneous 
light scrap, the tapping slag for the furnace and charge is 
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14,000 pounds; then the charge of limestone as found from 
the curve is 2 per cent. of 100,000 pounds + 64 per cent. of 
14,000 pounds, or 10,960 pounds. The ore to be charged is 
43.9 per cent. of 100,000 pounds — 10,960 pounds —5 X (2 per 
cent. of 20,000 + 5 per cent. of 20,000), or 25,740 pounds. 

The above calculations were made for heats when the 
carbon is oxidized until the content is .10 per cent. before 
tapping. If it is desired that the heats be tapped at a higher 
carbon, the amount of ore to be added should be less than 
that obtained by the above calculations. The oxygen 
required for oxidation of carbon is t! or 1.33 times the car- 
bon. For each 1 per cent. of carbon above the .10 per cent. 
upon which the calculations are based, the oxygen to be 
added should be reduced by 1.33 per cent. of weight of total 
metal charge. 

Since the oxygen is represented by .247 — .3C, the ore 
to be deducted from the charge is 3c: If the silica 


in the ore be 6 per cent., this value becomes 5.8, and the ore 
to be charged, as calculated from Fig. 25, should be reduced 
by 5.8 per cent. of the total metallic charge. If .60 carbon 
is desired, (.60 — .10) < 5.8 per cent. = 2.9 per cent. of the 
total metallic charge should be deducted from the ore 
as calculated. 

Coke to be Charged—As mentioned previously, some- 
times the oxygen absorbed in melting scrap and the oxygen 
from the limestone is more than that required to oxidize the 
impurities in the pig iron and to supply the slag with the 
necessary iron oxide. In such circumstances coke is charged 
in the furnace. The carbon in the coke is equal to 1.33 
times its weight in oxygen. If the silica in the ore is 6 per 
cent., one pound of carbon in the coke is equal to 5.8 pounds 
of ore; the coke may be assumed as 87 per cent. carbon, 
when one pound of coke equals 5 pounds of ore. If the ore, 
as calculated by formula, or by curve, is a negative quantity, 
coke is to be added in an amount equal to one-fifth of the 
negative quantity of ore calculated. 

Comparison with Actual Practice—A comparison of 
actual and calculated charges is given for four open-hearth 
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heats, one each for 100 per cent., 75 per cent., 50 per cent. and 
48 per cent. pig iron charges, the last requiring coke to be 
charged on account of light “Tin Scrap.” The calculations 
were made from the curve shown in Figs. 23 and 24, using 
the actual percentage of silica in the limestone and ore. 

The actual weight of tapping slag was used, but in making 
calculations prior to charging heats, the average for that 
size of furnace and charge would be used. The weight of 
limestone as charged is used in the calculation of the ore to be 
charged. The comparison is shown in Table 29. 


TABLE 29 
COMPARISON OF CALCULATION WITH ACTUAL PRACTICE 
IN CHARGE OF LIMESTONE, ORE AND COKE 


Heat No. 82106 812938 74256 88225 
PercentageofPigIron 100 75 50 48 
in Metallic Charge Per cent. Per cent. Per cent. Per cent. 


70 70 70 70 
Lbs. |Silicon| Lbs. |Silicon| Lbs. |Silicon| Lbs. |Silicon 


Molten pigiron..... 130,600} 1.20 /90,000} .33 /69,200) 1.13]..... 

Cold pig-iron Jess}... Fe ae FeAl ee Ee 71,700} .42 

Scrap—Blooms.....|...... -. +» (45,600! ..... 167,340) . ...02744,300| ... 5. 
Seah SCEEN IC Be siees Asis. ao Pave. civell| hs ctera:s Males Oe ei 52,900 |e ners 


Oxygen absorbed in 
melting scrap, cal- 
Culatede a 2s ates Iie <hae Fete ie Ll MeL OLT ah aill Oy OU din ects 


% 
Silica Silica Silica Silica 
Tapping slag, actual.| 9,690) 20 13,900} 10 13,800} 28  |20,600) 12 
Limestone charged. .| 11,100] 2.04 /11,300) 1.25 |10,900} 1.15/13,600| 1.20 


Limestone calculated} 9,075] .....| 9,809] ..... 10,000) .....|13,580 
Orecharged: .-. 4... 45,100) 5.95 |14,000) 7.02) 5,650) 7.24) None 
Oreadded.......... AGT Wetec Ally acter. ..-.-| 5,697| 6.75} 5,040 
Totaloreused...... LOT TOM etter PLA; O00 eerie Uke E/N take ie:|| LD, O40! terns suas 
Ore calculated.... .. BOT) S115, 1001... 2 118.4001. 1 7,420! 
Coke equivalent of 

negative require- 

POOH erence peter e elle soote 3) = he eae VM ae gel | eae wreneeegr eeeatel | ELL; SOU rare ars 
Coke charged......:|....+5 fey eis ene Ste paca cct call srott tk eral 200 eects. 
Excessive Coke 

CHAT OE elt el slpuete cote Rese eies crrdl cee natn eo cmc AU ce 
Ore equivalent of ex- 

BCBSIVECO KC Ro See Ln ee er. Gide acre ail! tarate oftetone y=” Bees | 8,000) fevers 
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SUMMARY 


From the data collected during the investigations, we may 
emphasize the following outstanding features: 

1. In conducting investigations on open-hearth furnaces, too 
much care cannot be exercised in the weighing, sampling and 
analyzing the various materials entering and leaving the furnace. 

2. A method for obtaining the total sulphur content of fuel 
gas was developed and is described. The sulphur combined as 
gases is absorbed by bubbling the sample through bromine water, 
and the sulphur suspended in the gas in a solid state is separated 
from the gas by glass wool in the silica sampling tube, through 
which the sample is drawn. 

3. The data obtained during the investigations of nineteen 
open-hearth heats are given complete, so that any detailed studies 
desired can be made. 

4. The problem of sulphur elimination has not been dealt 
with in the present paper as the intention is to deal with this 
particular feature in a subsequent paper. 

5. The addition of alloys is discussed and the metallic 
efficiency obtained during additions is given. In order to avoid 
excessive loss, particular care need be exercised only in the case of 
the readily oxidizable elements, such as chromium and vanadium. 

6. A method for quickly calculating the amount of ore and 
limestone which should be charged for a heat of open-hearth steel 
is included, and a comparison is given, for several different types 
of heats, between the amounts actually added and those required 
by the method of calculation proposed. 


(At this point Judge Gary requested Mr. John A. Topping, 
Vice-President of the American Iron and Steel Institute, to 
take the Chair, and Mr. Topping acted as Chairman for 
the balance of the morning session.) 

Tue CuHarrMan (Mr. John A. Topping): There will be a 
brief general discussion on Mr. Diehl’s paper by Mr. V. J. 
Pazzetti, Superintendent of the Open-Hearth Department, 
Saucon Division, Bethlehem Steel Company. 


Discussion BY VINCENT J. PAazzerTt 


Superintendent, Open-Hearth Department, Saucon Division, 
Bethlehem Steel Company, Bethlehem, Pa. 


Mr. Diehl’s paper divides itself into three parts: 
1. An exposition of the tabulated results of accurate and 
checked observations of nineteen heats of low carbon simple 
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steel. These tables show all the data which seem to be required 
concerning the time, materials charged and the products of 
each one of these heats. Additional charts show in detail the 
reactions during the making of each heat, recording the 
elimination of the various elements contained in the charge 
at regular intervals as the heat progressed. 

2. The second part of the paper includes a clear state- 
ment of the procedure followed in the use of the different 
raw materials and of the methods followed to detect and 
_ determine the principal effects of the various chemical com- 
_binations occurring between the raw materials. Comments 
are made on the efficiencies of the various alloys used in the 
nineteen heats as well as of ferro-alloys used in other types 
of steel. A brief reference is also made to electric furnace 
steel manufacture. : 

3. The third part of the paper presents in extensive 
detail the functions of materials used in the manufacture of 
steel with formule derived from known chemical reactions 
and from assumed chemical balances. These formule are 
stated for assistance in determining the proportions of the 
various materials in the charge. 

The real value of a work of this kind, which contains so 
much accurate data of physical and chemical observations, 
can only be obtained by intensive study of each individual 
heat followed by a comparison with every other heat. From 
these comparisons no conclusions should be drawn except 
after most careful study and these conclusions should be 
cautiously stated upon the possibility that not all the cir- 
cumstances have been detected and weighed. To draw such 
careful conclusions would require far more time than was pos- 
sible in the necessarily hasty preparation of this discussion. 

Discussing Part 1 of the paper:—One of the serious handi- 
caps to a thorough knowledge of the actual happenings in 
the manufacture of open-hearth steel is the enormous num- 
ber of factors involved which vary from heat to heat with 
the nature of the available raw materials and of the desired 
finished product; as well as with the age and condition 


of the furnace. 
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Heretofore, detailed information over the wide range of 
possible conditions has been available from observations 
made on one or two heats only. As an example of such com- 
plete information I have in mind the very comprehensive 
paper by Messrs. Heats and Herty on the ‘Elimination of 
Metalloids in the Basic Open-Hearth Process,” presented at 
the February, 1926, New York meeting of the American 
Institute of Mining and Metallurgical Engineers. These 
observations were made on a 110-ton heat of simple steel 
made at the Lackawanna Plant of the Bethlehem Steel 
Company. This heat was finished to an analysis of 0.37 
carbon, 0.61 manganese, 0.014 phosphorus, 0.021 sulphur, 
0.081 silicon. 

All of the heats reported by Mr. Diehl were considerably 
softer than the Lackawanna heat, and none of them used as 
little pig iron. In the latter heat, there was no run-off slag 
and in other respects there were differences in operation. 
Mr. Diehl’s heat No. 81248, shown in Fig. 15, is perhaps 
more nearly than any other like the Lackawanna heat. The 
charts showing the elimination of metalloids of these two 
heats, therefore, each have their own peculiarities, but I think 
it fair to presume that the observations of both heats were 
equally accurate. 

This series enbraces grades of steel running from 0.226 
to 0.07 carbon and should form for many lines of inquiry a 
sufficiently complete series from which to draw valuable con- 
clusions concerning the manufacture of basic open-hearth 
steel in these softer grades. 

Discussing Part 2 of the paper:—I have been unable to 
discover on the sheet any explanation for the variation in 
chemical analysis of the finished steel from heat No. 83267 
shown in Table 9. In this heat the carbon in the sample 
from the eighteenth ingot was 0.07 while the carbon from 
the second was 0.13, a variation from low to high of nearly 
90 per cent. This variation was greater, both in percentage 
and in absolute carbon content, than that shown in any 
other heat. 


Mr. Diehl refers to the practice of oxidizing the bath until 
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the carbon content is reduced to one-tenth of 1 per cent. 
This practice, while satisfactory and economical for certain 
types of steel, would not be very satisfactory or economical 
when the product desired is a low-manganese and low-silicon 
steel with high carbon content, and from such steel a dif- 
ferent set of results would be obtained. 

Again Mr. Diehl speaks of reducing the manganese in 
all heats to a range between 0.10 and 0.20, which we assume 
is on heats where no run-off slag is required. In this connec- 
_ tion my colleague, Mr. E. A. Wheaton, in 1920, presented a 
paper before this Institute on ‘‘The Use of High-Manganese 
Iron in Basic Open-Hearth Practice,’’ in which the average 
residual manganese in the heats reported by him was 0.34. 
For reasons cited in that paper, a number of open-hearth 
plants find that it would be unsatisfactory and uneconomical 
to set a rule to reduce the manganese in the bath to below 0.20. 

In the paragraph referring to the use of 80 per cent. ferro- 
manganese as an alloy, it is indicated that under certain 
circumstances this alloy when added in the bath has a higher 
efficiency than that obtained when added in the ladle. I have 
read the paragraphs surrounding this statement and cannot 
say that my experience coincides with my interpretation of 
this statement. 

Discussing Part 3 of the paper:—I am much interested in 
Mr. Diehl’s paragraphs concerning formule for the calcu- 
lation of the charge. I believe that familiarity with these 
formulz would be beneficial to open-hearth melters and 
superintendents generally, because the study of the subject 
along the lines followed by Mr. Diehl will be sure to open 
up new viewpoints. ye 

In the comparison of calculated results with actual quan- 
tities of ore and limestone, as shown in Table 29, sufficient 
discrepancies are indicated to demonstrate the necessity of 
the supervision of a skilled operator through the melting of 
each heat, so that he can observe and assign correct values 
due to the conditions present at the time, which vary between 
furnaces and from heat to heat in the same furnace. 

The ability to correctly size up and allow for these vary- 
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ing conditions is a true test of a steel melter’s ability quite 
as much as the test mentioned by Mr. Diehl, which says 
ability lies ‘“‘In the frequent reproduction of conditions 
unfavorable to oxidation and therefore conducive to highly 
efficient alloy additions.’ 

If it is desired to discuss the economies of steel manufac- 
ture, the history of every heat of steel should deal with the 
yields from these heats and the causes for rejections; and no 
study of a heat of steel is complete and satisfactory unless it 
contains not only the manufacturing data but quite as 
important the qualities of the steel produced as represented 
by the surface and interior conditions of the product itself. 

Each year sees the application of steel widened in scope, 
and the requirements as to quality raised to higher standards 
so that our problems become specialized to the extent of 
producing rather to meet quality than tonnage or economical 
operating considerations. 

In the above short discussion I have indicated only a few 
of the dozens of questions which interest steel men and for 
some of which the data presented gives promise of affording 
means for a solution. 

Mr. Diehl’s contribution of comprehensive information 
on nineteen heats seems to me to be one of the most note- 
worthy contributions that has been made from actual manu- 
facturing operations to the knowledge of steel manufacture. 


THE CuatrMan (Mr. John A. Topping): The next paper 
is ‘Observations on Phosphorus in Wrought Iron Made by 
Different Puddling Processes,’’ by Henry 8. Rawdon and 
Samuel Epstein of the Bureau of Standards, and it will be 
read by Mr. Rawdon. 


OBSERVATIONS ON. PHOSPHORUS IN WROUGHT 
IRON MADE BY DIFFERENT PUDDLING 
PROCESSES * 


Henry S. Rawpon 
Physicist, Bureau of Standards, Washington, D.C., and 


SAMUEL EPSTEIN 
Associate Scientist, Bureau of Standards, Washington, D.C. 


In a recent article before the British Institute of Mechani- 
cal Engineers, Astbury,! in describing the properties of 
wrought iron, with the purpose of showing how its usefulness 
might be increased, drew attention to the dearth of pub- 
lished information relating to the properties of this material. 
He stated “‘The technical literature of the past twenty-five - 
years is particularly barren of references to the metallurgical 
properties of finished wrought iron.” Articles relating to 
the manufacturing process, particularly to the utilization of 
mechanical devices for reducing the manufacturing cost of 
the material? are not infrequent in the technical literature. 
Little, if anything, has been published, however, on the 
properties of the iron made by these special processes. 

The present article summarizes the results obtained in the 
testing of several lots of wrought iron made by a manu- 
facturer who utilizes both the hand puddling and a mechani- 
cal puddling method in his regular practice in the production 
of wrought iron for pipe. Part of the wrought iron tested was 
made especially for these tests, the raw material having 
been taken from the same cast of pig iron, separate portions 
~~ * Published by permission of the Director of the National Bureau of 


Standards of the United States Department of Commerce. 

1 Astbury, S. J., “Some Uses and Properties of Wrought Iron,” Proce. Inst. 
Mech. Engrs. 1923, I, 511-6. 

2See for example:—Symposium on Wrought Iron: (a) ‘Manufacture and 
Use of Wrought Iron,” H. E. Smith; (b) “Ely Process of Mechanical Puddling 
for the Production of Wrought Iron,” F. H. Dechant; (c) ‘Roe Puddling 
Machine,” Jas. P. Roe; (d), ‘Problem of Wrought Iron Manufacture and a 
New Process for Its Production,” James Aston. Yearbook, American Iron 
and Steel Institute, 1925, pp. 330-72. 
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of which were refined by hand puddling and by mechanical 
puddling, respectively. The type of mechanical puddling 
process used has been described by Turner’. This par- 
ticular lot of wrought iron proved rather unusual in its 
properties and of higher phosphorus content than the manu- 
facturer’s regular bar iron product, as a specially high- 
phosphorus pipe iron was being made. 

It was felt, however, that the results of the test of material 
prepared in this unusual manner, especially when accom- 
panied by results obtained for normal bar material made by 
the same general puddling processes and by the same manu- 
facturer, were more instructive than would perhaps have 
been the case had the composition of all the iron been more 
normal. The results are presented here for their bearing on 
the effect of phosphorus on the properties of wrought iron. 


PuospHorRus IN WrouGcut [Ron 

Specifications for wrought iron take account of phos- 
phorus in the iron only as the tensile and bending properties 
may be lowered below the acceptance values. High-phos- 
phorus iron is generally regarded with some concern as being 
subject to cold shortness. The question may well be raised 
whether the apparent evil effects of phosphorus may not, 
in large measure, be counteracted by proper methods of 
manufacture, both of puddling and subsequent operations. 
There is nothing in the literature to indicate definitely on 
this point. The “sluggishness’’ of phosphorus in diffusing in 
solid iron even at high temperatures is well known. 

It is generally conceded that the effect of phosphorus, as 
well as other impurities, in wrought iron is not nearly so 
Serious as in the case of steel. J.B. Johnson‘ says on this 
point: ‘The evil influences of phosphorus and sulphur 
appear to be less pronounced in wrought iron than in steel. 
This may be due to the fact that there is less opportunity for 
segregation in the puddling process than in processes where 


’Turner, ‘Thomas, “The Metallurgy of Iron,” 5th Ed., London, 1918, p. 
391. See also reference “ec”, footnote 2. 
‘Johnson, J.B., “Materials of Construction,’ 5th Ed., Rewritten by M. O. 
Withey and James Aston (1919). 
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the metal is cast from a molten state. Moreover, much of the 
impurities in wrought iron are associated with the slag rather 
than with the iron. A phosphorus content of 0.4 to 0.5 per 
cent., if the phosphide surrounds the ferrite grains, causes 
the iron to be brittle at cold temperatures and renders ‘it 
hard and coarsely crystalline. Such iron cannot be refined 
by heat treatment.” 

Camp and Francis* have emphasized the fact that the 
manufacturers of wrought iron are not adverse to the pres- 
ence of a moderate amount of phosphorus in the iron since 
‘advantage can be taken of this to increase the tensile strength 
without sacrificing much, if anything, in the ductility of the 
iron. A phosphorus content as high as 0.15 per cent. is 
indicated by these authors as normal in bar stock. The ten- 
sile properties of wrought iron of varying phosphorus content 
given by them show that the degree of the deleterious effect 
of phosphorus is related to the method of preparation of the 
iron, that is, subsequent to the puddling process. Results 
are given showing that hammered billet iron in one-inch 
rounds having a nominal‘ phosphorus content of 0.20 per cent. 
will meet the requirements of specifications relating to 
tensile properties essentially as well as a similar iron having 
a phosphorus content of 0.11 per cent. They state in addi- 
tion, however, that ‘‘strength alone is no criterion as to the 
quality of the iron.” The behavior of the wrought iron 
when nicked and broken must be considered also, though 
they pointed out that the results of this test, as indicating 
brittleness due to phosphorus, may be very doubtful since 
at least three other factors, resulting either from conditions 
in the iron or in the method of carrying out the test, may 
give results similar to those of a high phosphorus content. 
This conclusion is in agreement with that based upon the 
results of tests previously carried out by the present authors.’ 


5Camp, J. M., and Francis, C. B., “The Making, Shaping and Treating 
of Steel.’”’? Carnegie Steel Co., 4th Ed., 1925. 

6The term “nominal phosphorus content,” is used here to refer to the 
total phosphorus, irrespective of its distribution between slag and iron. 

7 Rawdon, H.S., and Epstein, S., ‘The Nick Bend Test for Wrought Iron,” 
Bureau of Standards Technologic Paper No. 252 (1924). 
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TABLE A—COMPOSITION OF WROUGHT IRONS USED 
H=hand puddled, M =mechanically puddled 


Lot 1 Lot 2 
H M H M 
per cent. per cent. per cent. per cent. 
Carbotieva a mer at ote nist oe tere 0.020 0.050 0.050 0.030 
IMAM PANES 2). pet. iets te oe eed 0.020 0.021 0.020 0.040 
PROSphOMIS *se)-r)-isd ke ae 0.120 0.140 0.291 0.173 
BilpOUr Meeacnsietoct. bs tee 0.021 0.014 0.025 0.014 
DILIGOM Je pac tes etna cece 0.210 0.140 0.250 0.170 
Slag and oxides.......... 2.900 1.100 1.750 1.900 


* “Nominal” phosphorus content; no account was taken here of the 
fact that the phosphorus is divided between the slag and the iron. Compare 
Table B. 

Bureau of Standards Analysis, H. A. Bright, Chemist. 


MATERIALS TESTED 


The two lots of iron which were used in the tests reported 
here will be referred to as Lot 1 and Lot 2. Each lot con- 
sisted of two round bars 12 feet long; those of Lot 1 being 
34 inch in diameter, and Lot 2,1 inch. Of the bars of Lot 1, 
selected by the manufacturer from stock on hand, one had 
been made by the hand puddling process and the other by a 
mechanical puddling method. Special precautions were taken 
in making the bars of Lot 2. The pig iron used was taken 
from one cast from the blast furnace, part of it being refined 
by the ordinary hand puddling method and another part by 
the mechanical puddler. It may be repeated here that Lot 
1 was regular bar stock, while Lot 2, which was rolled in bar 
form for convenience in testing, was pipe stock. The method 
for producing the finished bar for testing from the puddled 
bar was the same for each lot, the slab piling method and 
“single refining” only being used in each case. The compo- 
sitions of the different irons are given in Table A. 

The composition of the irons of Lot 1 is in close agree- 
ment with the usual composition of commercial wrought iron 
bar stock’. Variations in the carbon content of the magni- 


®Table 2, Bureau of Standards Technologic Paper, No. 252, “The Nick 
Bend Test for Wrought Iron.” 
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tude shown here are not at all unusual. It will be noted that 
in Lot 2 the order in which the two irons stand with respect 
to their carbon content is reversed. The phosphorus content 


TABLE B—VARIATION IN PHOSPHORUS CONTENT IN 
: WROUGHT IRON, 


LOTS? 
Designation : 
of eee Nature of Specimen Phosphorus 
Hand Puddled Iron per cent. 
H Random specimen from central portion of 12-ft. 
| Ss Meh ye PR ea a SRR ee RO 0.320 
HB; Izod test bar from end A, 12-ft. bar (54)*........ Pes 
cHA; Izod test bar from end B, 12-ft. bar (6.5)*....... 370 
> ake .291 total 
H comb. | Combination of above three specimens......... .152 in slag 
i .139 in iron 
aHB, Izod specimen adjacent to aHB; (45)*.......... 255 
aHB, Izod specimen adjacent to aHBy (42.5)*......... .260 
HB Tension bar from end B, 12-ft. bar...,.......... .295 
HA Tension bar from end A, 12-ft. bar.............. 310 
2He Nick-bend specimen from central part 12-ft. bar, 
coarse grained side of fracture. Fig.4c......... .270 
2Hf Same as above, fine grained side of fracture...... .220 
AVOPARE <a ie = cen ss aaa See eat eerie 287 
Mechanically Puddled Iron 
M— Random specimen from middle portion of 12-ft. 
| fa Seg: hee ee aOR LPR eee ie, Ma a Ree ace 0.210 
cMB; Izod specimen from end B, 12-ft. bar (54).*...... .150 
bMB; Izod specimen from end B, 12-ft. bar (35).*...... 225 
173 total 
M comb. | Combination of above three specimens......... .079 in slag 
’ .094 in iron 
MB ension War, 6nd By 2-tt; DAT ga aceno cto tvs oP 145 
MA Mension par, end B12. bate... ie aoe ss cts .210 
1Me Nick-bend specimen from central portion of 12-ft. 
bar, coarse grained part of fracture. Fig.4d....| .240 
1Mf Same specimen as above, fine grained side of 
EEA CUTE: asa Peis oe, eee ale, ee cians MeN Sree eee .140 
NE (JE a ENE eer a le BIB So hel RRA ea 187 


*The number in parentheses is the result of the Izod impact test of the 
specimen. See Table C. 
Bureau of Standards Analysis, H. A. Bright, Chemist. 


of Lot 2 (pipe iron) is above that ordinarily found in com- 
mercial wrought iron bar stock. In particular, is this true 
of the hand puddled bar of this lot. The phosphorus content 
of the other bar of Lot 2 is only slightly above the value set 
by Camp and Francis® as a “‘normal”’ phosphorus content. 


9See footnote 5. 
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Since the pipe iron of Lot 2 differed from the ordinary 
commercial grade of bar iron in its properties (see Table C) 
as well as in its phosphorus content, a number of determina- 
tions were carried out to show the distribution of the phos- 
phorus between slag and iron as well as the variation within 
the iron itself. The results of this chemical analysis are 
given in Table B. 


| 
Wreeght Iran Stressed in Tension 


lat 
© Mechanically Puddied 
Oru Py 


wz 
@ Mechanically Pyddted 
a tand 


tom cies rick ———~] 


‘Strain ~ tnedes per inch. 
Fia. 1—Behavior of Wrought Iron when Stressed in Tension. Two tests are 
shown for each of the four wrought irons. 


REsuuts oF TEsTs 


Since the tensile properties of wrought iron cannot be 
considered as the only criterion in judging its properties, 
various types of tests in addition to the usual tension test 
were used for comparing the two lots of iron. These included 
torsion, single blow impact and repeated impact as well as 
the nick-bend test. In order to show possible variations in 
properties within the same bar, caused by non-uniform dis- 
tribution of the phosphorus, the bars of Lot 2 were sampled 


—s 
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by taking test specimens for each of the tests from each end 
of the 12-foot bar. 

The results of all of the tests are summarized in Table C. 

Tensile Properties—The behavior of the two kinds of iron 
in each of the two lots, when stressed in tension, is shown 
graphically in Fig. 1. The elongation under load was, in 
each case, measured by means of a Ewing ‘extensometer on 
an 8-inch gauge length’. The load was maintained for one 
minute and in the case of one specimen (H:), the load was 
Yeleased entirely after holding it for two minutes at approxi- 
mately 20,000 Ibs. per sq. in. The two curves representing 
the first and the second loading coincided, as is shown in Fig. 


t 
uf t 
2 eee 


3 + + 6 
ANGLE OF THIST 
eee | 


TORSIONAL MOMENT 


| 


> ry 
ANGLE OF TWIST 


a0 | 

CS = nee eee 

3 wy 

: a A eee eon 
F 


1G. 2—Behayior of Wrought Iron when Stressed in Torsion. The increased 
torsional moment (resistance to twisting) of H with respect to M of Lot 2. 
is to be attributed to the high-phosphorus content of this material. 


1. The ‘‘strengthening” effect of phosphorus on wrought iron 
is well shown by the curves for the hand puddled iron of Lot 
2. Not only was the ultimate tensile strength raised, but 
also the yield point and the limit of proportionality of stress 
to strain. The decrease in ductility is, of course, the objec- 
tionable feature. 

Torsion Properties—Wrought iron in the form of pipe is 
frequently subjected in service to torsional stresses of appre- 
ciable magnitude. This is especially true for rotary drill pipe, 
for which purposea ‘ stiff” material (high-phosphorus) is desir- 
able. It is believed, therefore, that the torsion test, since it sub- 
jects the material to transverse shear stresses, serves to dem- 
onstrate differences which may result from variations in the 
arrangement and size of the slag threads better than any other 


10 Tension tests by J. R. Freeman, Jr., Physicist. 
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simple test. The strengthening effect of the phosphorus upon 
the iron matrix can also be clearly shown by such a test. 

In Fig. 2 are given curves which show the behavior of 
the two lots of iron when tested in torsion. The ‘‘stepped”’ 
appearance of the curves is characteristic of wrought iron, 
and results from the presence of slag threads, which are dis- 
seminated throughout the iron matrix and which break up 
its continuity. The difference in the size and number of the 
“steps” as shown by the two irons of Lot 1 agrees well with 
the differences in the slag distribution as shown by micro- 
scopic examination of this set. (Figs. 8 and 9.) 

The effect of the increased phosphorus content on the 
strength of the iron is shown in the increased torsional 
moment in Lot 2. The decrease in the number of twists 
which the material will withstand is also indicative of the 
effect of phosphorus in reducing the ductility of the material. 

Impact Resistance—(a) Single-blow impact test. The 
notched-bar impact test, except in its rough approximation 
in the form of the nick-bend test, is not usually applied to 
the testing of wrought iron. The test, however, is one of the 
best for showing the effect of phosphorus on the iron. The 
detrimental effect of a high-phosphorus content is generally 
best recognized in the increased notch-brittleness of such 
material. Various other factors, however, often contribute 
to the increase of brittleness. The occurrence of the slag in 
rounded and more or less isolated globules rather than in 
relatively long continuous threads, the uniform distribution 
of the slag across the section of the bar of iron in relatively 
small threads, as well as the relation of the notch in the test 
specimen to the laminated interior structure are very impor- 
tant factors contributing to the formation of crystalline areas 
in the fracture of nick-bend specimens. With respect to the 
third variable, Preuss!! has reported that in ‘‘slab piled”’ 
wrought iron bars, the impact resistance, when the blow is 
delivered on the face of the slabs, may be ten times as great 
as when the blow is delivered on the edge of the slabs. 


1 Preuss, E., “The Strength of Wrought Iron When Subjected to Shock.’’ 
Stahl und Eisen, 34, 1207 (1914). 
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Petrenko’s” work has shown, however, that the difference 
in the notch-brittleness of wrought iron as measured in these 
two directions, although very appreciable, is very much less 
than that claimed by Preuss. 

In Fig. 3 is shown the variation in the notch-brittleness 
of a number of wrought irons with the nominal phosphorus 
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On! fo 
Fig. 3—Notch-brittleness of Wrought Iron as Related to the Nominal Phos- 
phorus Content of the Iron. Points on the same vertical line were obtained 
with specimens from the same bar ofiron. Triple-notched Izod specimens, 


notches spaced at 90°, were used. 


content. According to the data of Table B, the phosphorus 
content of the iron matrix may be less than one-half of the 
total phosphorus content; the remainder, being in the slag, 
contributed little, if anything, to the properties of the iron. 
While it is evident from the data of Fig. 3 that the nominal 


12 Petrenko, S. N., ““Comparative Slow Bend and Impact Notched Bar 
Tests on Some Metals,” Bureau of Standards Technologic Paper, No. 


289 (1925). 
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phosphorus content is by no means the controlling factor, the 
results do show a marked decrease in impact resistance as the 
average phosphorus content is increased. The pronounced 
variation in the notch-brittleness in the different parts of the 
same bar (Lot 2, hand puddled bar) is what might be pre- 
dicted on the basis of the variable phosphorus content of 
this bar. The companion bar of Lot 2 (mechanically puddled 
iron) was more uniform in the distribution of its phosphorus 
and accordingly showed more uniform impact resistance 
throughout the bar. With some of the impact specimens, 
however, whose average phosphorus contents varied very 
widely (See Table B, specimens aHB; and eMBs), almost iden- 
tical results were obtained when the specimens were tested. 

Fig. 4 shows the appearance of the fractures resulting 
from the nick-bend test of specimens, such as is required in 
many specifications for wrought iron. The shortcomings of 
this test have been discussed by the authors in a previous 
publication!. 

The results obtained with the iron of Lot 2 are of particu- 
lar interest in indicating how the presence of phosphorus may 
sometimes be detected by this test. The crystalline areas 
indicative of phosphorus are much coarser in appearance than 
are the others, usually on the tension side of the stressed 
specimen, which may be the result of small uniformly dis- 
tributed slag threads in the iron or of the application of a very 
severe blow in carrying out the test. 

Fig. 4c shows both of these features. The coarse crystalline 
area ‘‘c’’ on the compression side of the bar (the side opposite 
the nick) is indicative of a relatively high-phosphorus con- 
tent in this part of the specimen as ~was shown both by 
etching the longitudinal sections of the specimens with a 
suitable etching reagent, and also by chemical analysis 
(Table B) of samples milled from the portions of the bar 
showing these differences in fracture. Likewise, the coarse 
sparkling areas in Fig. 4c were found to be related to the 
“high-phosphorus streaks” in this material. The high- 
phosphorus content of ‘d” (Fig. 4) may have contributed 


18 See footnote 7. 
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Fig. 4—Fractures of Nick-bend Specimens, X 1. a. Lot 1, 
hand puddled; 6. Lot 1, mechanically puddled; c, Lot 
2, hand puddled; d. Lot 2, mechanically puddled; e. 
longitudinal section of “c”; f. longitudinal section of 
“qd”. Note the white streaks, phosphorus-bearing, which 
have affected the character of the fracture in each case. 
Note the difference in the contour of the fracture in “e” 
And shes 
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somewhat to the formation of the rather large, finer grained, 
crystalline area on the notched side of the specimen. How- 
ever, such crystalline areas are not infrequently found in 
wrought iron broken by the nick-bend test and are not 
necessarily characteristic of a high-phosphorus iron. 

(b) Repeated impact test. The results obtained with 
the repeated impact test on the four wrought irons are 
included in Table C. The noticeable superiority of the 
mechanically puddled iron of Lot 1 over the companion hand 
puddled product is undoubtedly to be attributed largely to 
the difference in the slag content and its distribution. No 
indications of streaks of high-phosphorus iron were obtained 
in the microscopic examination of either of these two bars 
such as might account for the difference in the results for the 
two. In placing the specimens in the testing machine, no 
attention was paid to the relation of the direction of the 
hammer blow with respect to the ‘“‘piling”’ of the iron (Figs. 
5 and 6). The uniformly higher results obtained, however, 
for the one material over the other may be taken as indi- 
cating that this variable was not responsible for the dif- 
ferences in the test results. 

Both of the irons of Lot 2 withstood a very much lower 
number of blows than did Lot 1. From the results of the 
single-blow impact (Izod) test (Table C), this difference in 
behavior would not necessarily be expected. It will be 
noticed, however (Fig. 7), that the high-phosphorus streaks 
were distributed in both of the Lot 2 bars in such a manner 
that the circumferential notch, which is an important feature 
of the specimen used in the repeated-blow (Eden-Foster) 
test, exposed the high-phosphorus metal in the base of the 
notch for at least part of its course. The marked decrease in 
the number of blows which both of the bars withstood in this 
test is, therefore, not surprising. 

The results are of particular interest in showing, therefore, 
that the distribution of the phosphorus in a wrought iron 
bar may be of very much more consequence in determining 
the properties of the bar than is the average phosphorus 
content of the iron. 


_e 


PHOSPHORUS IN WROUGHT IRON—RAWDON AND EPSTEIN 131 


Fie. 5—Macrostructure of the Iron of Lot 1, magnification slightly more than 
X 2. Etching reagent, aqueous solution of ammonium persulphate. The 
slab piling method was used in each case. The slag threads in the M speci- 
men are somewhat less conspicuous and more uniformly distributed than 
in the Hspecimen. Specimens “a” and “b’’ are machine puddled; ‘‘c’’ 
and “d”’ are hand puddled. 
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Fig. 6—Macrostructure of the Iron of Lot 2, X 2. Same etching reagent as in 
Fig. 5. The darker appearance of the etched surface, as compared with 
Lot 1, was apparently due to the higher phosphorus content of Lot 2. 


Specimens “a” and “ec” are hand puddled; ‘‘b’’ and “d’’ are machine 


puddled. 
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STRUCTURE 


Various features in the structure of the irons tested have 
been referred to in the preceding section in order to explain 

some of the results obtained in the mechanical tests. 

In Figs. 5 and 6 is shown the macrostructure of the two 
lots of iron as revealed by etching sections with ammonium 
persulphate solution. The etched cross-sections show that the 
bars were made by the same method of piling, slab piling 
being used. The two bars in each lot were very similar in 
‘their structure. The two lots differed somewhat, apparently 
on account of their phosphorus contents. 

The microstructure of the different irons is shown in 
Figs. 9 to 12 inclusive, each of which shows the structure of 
a ribbon of metal extending from the centre to the outside of 
the bar. In order to make a fair comparison of materials 
which are so non-uniform as wrought iron may be, a con- 
siderable number of micrographs is necessary. Neither of the 
bars of Lot 1 showed features in their structure which are not 
frequently found in the usual commercial grade of iron. The 
principal differences to be noted between the two bars of 
this lot are the higher slag content of the hand puddled bar 
and the somewhat higher carbon content (0.05 per cent.), as 
shown by the pearlite-bearing streaks, of the mechanically 
puddled bar. That neither of these features is characteristic of 
the puddling process used for making the particular bar in 
which each feature was observed is apparent from the 
chemical analysis (Table A) of the irons. In Lot 2, accord- 
ing to the analysis, the order of the two bars was reversed 
with respect to their slag and carbon contents as compared 
with the order of the two in Lot 1. 

The two lots of iron differed rather noticeably in their 
microstructure, the difference being the result of the higher 
phosphorus content of Lot 2. The high-phosphorus streaks 
under the microscope showed a characteristic mottled 
structure (Figs. 8a and b). This feature in the structure of 
wrought iron was pointed out by one of the authors“ several 


4 Rawdon, H. 8., “Some Unusual Features in the Microstructure of 
Wrought Iron,’”’ Bureau of Standards Technologic Paper, No. 97, 1917. 
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years ago. The results reported then were based entirely 
upon microscopic studies and chemical analyses. No data 
were given as to the mechanical properties of irons. The 
present work plainly indicates the properties which are to be 
associated with these unusual structural features in wrought 
iron. The mottled appearance was to be seen rather plainly 
after the etching with 2 per cent. nitric acid solution, but by 
etching with a copper chloride solution (Figs. 7 and 8) the 
mottled pattern was intensified and rendered very conspicuous. 


Fia. 7—Phosphorus Distribution in the Iron of Lot 2, magnification slightly 
more than X 2. Etching reagent, acidified solution of cupric chloride 
(CuCl, 1 g, picrie acid 5 g, HCl 2 cm’, water 10 cm’, alcohol 100 cm‘), 
The lighter streaks contain more phosphorus than the darker portions. 
Specimen ‘‘a’’ is hand puddled; ‘‘b’’, machine puddled. 


The same structural features have been investigated for 
low carbon steels by Groesbeck". 


Discussion AND SUMMARY 


The results of the limited number of tests which were 
possible on the irons representative of the two puddling proc- 
esses will not permit the drawing of any general conclusions 


% Groesbeck, E.C., “Influence of Phosphorus upon the Microstructure and 
Hardness of Low-Carbon Open-Hearth Steels,” Bureau of Standards Tech- 


nologic Paper, No. 203, 1921. 
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Fig. 8—Microstructure of Wrought Iron, Lot 2, Showing Variations in Phos- 
phorus Content, < 100. Etched as in Fig. 7. “a” and “b” show the 
appearance of light-colored streaks of Fig. 7. These portions are higher in 
phosphorus than the metal shown in “oe” and “d”. Note the mottled 
appearance in “a” and “b”. This indicates that even in the high-phos- 
phorus streaks, the distribution of phosphorus is not uniform. Specimens 
“a” and “ce” are hand puddled; “b’’ and ‘‘d’”’ are machine puddled. 
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Fig. 9—Microstructure of Wrought Iron, Lot 1, Hand Puddled, x 100. The 
assembled micrographs show the structure of a ribbon of metal extending 
from center to outside of the bar. Etching reagent, 1 per cent. alcoholic 


solution of nitric acid. 
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Fig. 10—Microstructure of Wrought Iron, Lot 1, Mechanically Puddled, x 
100. See legend of Fig. 9. 
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regarding the relative merits of the processes. On the other 
hand it may be pointed out that nothing was found as a 
result in these tests which would suggest that wrought iron 
cannot be made by a mechanical puddling process of the 
type used, fully the equal of that from the hand puddling 
process. 

Both of the irons of Lot 1 as well as the mechanically 
puddled iron of Lot 2 (although it was pipe iron) will meet 
the requirements, in their tensile properties, of the American 
Society for Testing Materials Specifications for Refined 
Wrought Iron Bars'*. The hand puddled iron of Lot 2 (pipe 
iron), however, naturally falls short of meeting these specifi- 
cations on account of its high phosphorus content. None of 
these single refined irons will meet fully the requirements of 
the A. 8. T. M. Specification for stay bolt, engine bolt and 
extra-refined wrought iron bars!’, all of which are double 
refined. The Lot 1 irons conform to the required tensile 
properties of class ‘‘c”’ of the three classes covered by the 
specification, however. 

The test results of the two irons of Lot 2, which were 
refined from the same raw material by different puddling 
processes, suggest that the phosphorus content of the iron 
can be reduced to a lower figure more easily by the mechani- 
cal puddling process than by the hand process. Thus in 
Table B an average phosphorus content of .287 per cent. was 
found for the hand puddled iron, whereas the mechanically 
puddled iron made from the same raw material showed an 
average phosphorus content of .187 per cent. The manu- 
facturer’s observations along this line are also in general 
agreement with these results. 

In the molten pig iron, the phosphorus is, of course, in 
solution and quite uniformly distributed throughout the 
melt. The conditions favorable to its elimination as the 
iron is puddled are given by Turner!’ to be: 


6 A.8.T. M. Standards, 1924, Specification A41-18, “Tentative American 
Standard,”’ American Engineering Standards Committee. 

7A,S. T. M. Standards, 1924, Specification A84-24. 

18See footnote 3. 
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“1. Sufficiently rich and tolerably pure fettling to supply 
the necessary oxygen and combine with the phosphorus 
when oxidized. 

‘2. A high temperature so as to maintain the iron in the 
fluid condition as long as possible and to supply the fluid 
cinder from the fettling as required. 

‘3. A thorough and uniform incorporation of the iron 
and cinder, so as to promote the chemical change.”’ 

Of these conditions, it would seem that numbers 2 and 3 
. Should be most easily fulfilled in a process carried out on a 
relatively large scale andin which theiron, inconstant motion, 
was kept in the molten state for a relatively longer time. 

Not only might a lower phosphorus content be expected 
but perhaps a more uniform distribution of the remaining 
phosphorus throughout the puddled bar. The results of the 
phosphorus determinations made on the two bars (Table B), 
however, do not confirm this entirely. The maximum devi- 
ation from the mean phosphorus content, expressed as a 
percentage of the mean value, was essentially the same in 
both cases. The uniformity within the finished bar, how- 
ever, is determined in part by the piling and the rolling 
process subsequent to puddling. 

On the whole, it appears that the properties of Lot 2 iron, 
particularly of the hand puddled bar (and of pipe iron in 
general), are to be attributed to the increased phosphorus 
content of this material as compared with Lot 1 (and of bar 
iron in general). The results also serve to emphasize the 
rather pronounced variations in properties in iron of this 
kind, variations which are to be attributed largely to non- 
uniformity of distribution of the phosphorus. It is largely 
on account of this non-uniformity that the phosphorus con- 
tent should be kept somewhat below the average phosphorus 
content which might otherwise be considered safe for a 
particular grade of iron. Most of the tests made on the 
mechanically puddled bar of Lot 2 would suggest that an 
average phosphorus content of 0.18 to 0.20 per cent. was 
perhaps not too high for bar iron. However, the difference 
found in the tensile properties of the two ends of this bar 
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Fra. 11—Microstrueture of Wrought Iron, Lot 2, Hand Puddled, x 100. See 
legend of Fig. 9. The mottled appearance of certain portions is indicative 
of a relatively high phosphorus content of such parts. 


Lo ae 
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Fie. 12—Microstructure of Wrought Iron, Lot 2, Mechanically Puddled, x 
100. See legends of Figs. 9 and 11. 
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shows that, in order to obviate the apparently unavoidable 
variations in phosphorus content and of properties, the 
average phosphorus content should be considerably lower 
than this value. 

The results of the tests may be summarized as indicating 
rather clearly the following: 

1. The tests of two lots of wrought iron made by two 
distinctly different puddling processes have not shown any- 
thing to indicate that the hand puddled product cannot be 
equaled in an iron made by a mechanical puddling process. 

2. The phosphorus content of the raw material can be 
reduced to a lower value more readily by the mechanical 
puddling process carried out on a relatively large scale than 
by the ordinary hand puddling process. 

3. Variations in properties, pronounced enough to warrant 
rejection of the iron under current American Specifications, 
may occur within the limits of a single bar, particularly if 
the phosphorus content is somewhat above the normal value. 


Tue CuarrMaNn (Mr. John A. Topping): I will call on 
Mr. H. J. Force, Engineer of Tests of the Delaware, Lacka- 
wanna and Western Railroad Company, Scranton, Pa., for 
a discussion on the Rawdon-Epstein paper. 


Discussion By H. J. Forcs 


Chemist and Engineer of Tests, Delaware, Lackawanna & Western 
Railroad Company, Scranton, Pa. 


The paper presented by Messrs. Rawdon and Epstein is of 
special interest to the consumers and users of wrought iron. 

The question of phosphorus in iron is being thoroughly 
investigated at thepresent timeby Committee A-2 on Wrought 
Tron of the American Society for Testing Materials, and it is 
hoped that in the course of another year or so, something 
definite may be obtained as to the proper percentages of phos- 
phorus, which may be allowed in such material as pipe, bar 
iron or staybolt iron. The work which Messrs. Rawdon and 
Epstein have done in this respect, I am convinced, is going to 
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be of considerable value and assistance to the work of the 
A.8. T. M. committee. 

The question as to the amount of phosphorus which may 
be present in the slag or which may remain in the iron is 
believed by many investigators to be of considerable impor- 
tance, and it appears reasonably certain that the mechanical 
puddler presents better means of control of phosphorus than 
hand puddling. 

On account of the large quantity of wrought iron which 
is used by the various railroads, we, of necessity, must keep 
* in close touch with the kind and quality of iron being furn- 
ished, and it is believed that the iron at times is not fully up 
to the standard, due to hand puddling, especially in the warm 
seasons, at which time it is felt that the puddling is not as 
efficient as it might be. We find also that it is difficult today 
to get young men to follow up the puddling trade in the 
mills, and as the older men must sooner or later pass away, 
it is becoming a more serious question with the iron manu- 
facturers to man their mills. 

In the paper of Messrs. Rawdon and Epstein, they refer 
to the mechanical puddler known as the Roe puddling ma- 
chine, which is in operation at the works of the Reading Iron 
Company, at Reading, Pa. Several other puddling machines 
have been built to date, but in some cases the results pro- 
duced were not satisfactory, and it must be understood that 
not all puddling machines, under general conditions, would 
produce an iron which would be equal or perhaps superior to 
the hand puddled iron. I do not mean to say that there are 
not other machines beside the Roe Puddler which are devel- 
oped, or may be developed in the future, which will not pro- 
duce a like quality of iron, but the Roe machine is the only 
one which I have seen that has produced a uniform and 
apparently satisfactory quality of wrought iron. 

The details and the design of this machine and its opera- 
tion show much skill and experience in the general lay-out. 
The time for producing a ball of 8,000 pounds in this machine 
is one hour. The ball appeared to be open and to offer excel- 
lent chances for oxidation, which would appear to account 
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for the reduction in phosphorus as compared with the hand 
puddled iron. The importance of thorough physical agita- 
tion of the bath is one which has not been overlooked in the 
Roe Puddler. The agitation is most thorough, caused by 
the whole bath rushing from one end of the puddling 
machine to the other. The movement of the bath is arrested 
at the end and turned over; this thorough agitation beyond 
a question of doubt has an important bearing on the superior 
results of the mechanically puddled iron recorded in the paper 
under discussion. 

At the present time, no recommendations have been made 
as to the percentage of phosphorus which should be allowed 
in the finished iron, but it will no doubt vary according to the 
kind of iron produced and the use for which it is intended. 

The consumer today is looking for better grades of iron 
on account of more severe service conditions, and once it has 
been established that a uniform grade of iron is being pro- 
duced, the use of wrought iron will naturally be extended, for 
the reason that it has been shown that wrought iron properly 
manufactured, when compared with soft steel, will resist 
greater shock than the soft steel. 

It has also been discovered within the past year, where 
a good and uniform grade of wrought iron is thoroughly an- 
nealed, that most excellent results are obtained in service and 
as the use of wrought iron will probably be extended, it is nec- 
essary to produce the iron in larger sections. Where a puddling 
machine, such as the Roe Puddler, can produce a ball of 
about 8,000 pounds, it will readily be seen that the question of 
getting larger sections in iron can be easily overcome. 

It is also my opinion, from a careful observation of this 
method of puddling iron, that is, the mechanical puddler, 
that the machines will in the near future be considerably 
increased in size, making it possible to produce in one pud- 
dling operation a much larger mass of iron. 

I can assure you that the users of wrought iron are exceed- 
ingly interested in the progress which is being made, and 
that they will all be interested in the valuable papers which 
have been presented. 
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THE CHarrmMan (Mr. John A. Topping): For further 
discussion of this paper, I will call on Mr. C. T. Ressler, 
Engineer of Tests of the Reading Iron Company, Reading, Pa. 


Discussion By CHARLES T. RESSLER 
Engineer of Tests, Reading Iron Company, Reading, Pa. 


We have heard with interest the very able paper by 
Messrs. Rawdon and Epstein and feel that their work on this 
subject is most thorough and covers, to a larger degree, the 
“effect of phosphorus on the physical qualities of wrought iron 
than is found in any technical work of today. 

Metallurgists recognize the fact that segregation does not 
take place in the puddling process as is the case with metals 
cast from a molten state. In the removal of the impurities 
present in pig iron by the refining process of the puddling 
furnace a large percentage of the phosphorus enters the slag. 
As wrought iron is a composite mixture of ferrite (almost 
pure iron) and slag, an analysis made on the material will 
represent the total phosphorus present in the iron and in | 
the slag. 

Metallurgical books of today, taken as a whole, lay stress 
on the harmful effects of phosphorus present in iron but 
state nothing of its virtues. Numerous analyses made on old 
samples of wrought iron used as structural members of bridges 
and subjected to severe stresses of all kinds; pipe, subjected 
to severe corrosive conditions; and, forgings and other impor- 
tant parts of locomotives and cars, show higher percentages 
of phosphorus in many cases than is found in much of the 
wrought iron of today. 

In the threading of pipe we find that the wrought iron 
containing the higher percentages of phosphorus gives the 
best results, the threads being clean cut and sharp and pos- 
sessing greater strength when made up into the fittings. We 
have taken pipe of this kind and made up joints and broken 
them as high as twenty times without distorting the threads, 
and, as a final test, made up the same joints by running up 
tight by hand and subjecting them to hydrostatic tests of 
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2,500 pounds per square inch without showing any signs of 
leakage. The benefit of this virtue applies specifically where 
pipe is re-used a number of times as in oil well service. 

We also find that phosphorus improves the welding 
qualities of wrought iron, the material becoming more plas- 
tic. This feature was emphasized some years ago by Captain 
Beardsley in a Congressional Report on Wrought Iron 
Chain Cables. 

Tests made recently by one of the largest locomotive 
works in this country show that phosphorus in percentages 
somewhat higher than usually found in the regular grades of 
staybolt iron has no particularly bad effect on the physical 
properties or resistance to vibratory strains. 

D’Amico in Ferrum, Vol. 10, 1912-1913 found that phos- 
phorus increased the resistance of soft steel to corrosion. 
Some argue from this that phosphorus in wrought iron has 
a like effect. We know of no evidence to prove it, as we have 
investigated many old irons low in phosphorus that have 
given as long service as those in similar service with higher 
phosphorus content; that is, the higher phosphorus adds 
little to the effective resistance furnished by the slag envelop- 
ing the individual fibres. 

We also find that high phosphorus in wrought iron, but 
of course within legitimate limitations, reduces the ever 
present blistering tendency. This is of first importance in the 
manufacture of wrought iron pipe. 

From the foregoing it should not be inferred that we advo- 
cate high phosphorus for all purposes. We rather desire to 
be understood as advancing our conviction that wrought iron 
can carry a reasonable content with some advantage, pro- 
vided the puddling process and subsequent operations have 
been efficiently carried out. The foregoing applies specifi- 
cally to pipe for which the two samples were puddled. 

In our hand puddling furnaces, when we start with pig 
iron containing two-thirds of one per cent. of phosphorus, the 
finished product will contain about two-tenths of one per 
cent.; and if lower phosphorus is desired, we must start with 
pig iron much lower; while in the mechanical puddler, we can 
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consistently obtain under six one-hundredths per cent. from 
the higher phosphorus pig iron. 

For purposes where resistance to torsion is important, we 
find that the higher phosphorus content increases the resis- 
tance in direct proportion to the amount of phosphorus 
present. This feature is of considerable importance in drill 
pipe for wells. 

The startling difference noted in the results of the impact 
test, where the blow was applied to the flat face of a bar 
reduced from a slab pile compared to the same force when 
applied to the side, can, we believe, be best explained on the 
theory that the welds were imperfect between the individual 
slabs, resulting in a more defined laminated condition than is 
common in geod practice. Such a bar would present many 
of the characteristics of a spring formed of a number of leaves. 

It is true, as stated in the paper under discussion, that 
the real phosphorus content of the iron matrix may be less 
than one-half of the total phosphorus content, the remainder 
being in the slag. This distribution is due to proper control 
in the puddling furnace during the refining process. The 
mechanical puddler, by uniform and more pronounced agita- 
tion and by reason of more accurate temperature control, 
insures a more thorough refinement of the pig iron, the 
resultant product displaying uniformity in structure and in 
distribution of the slag. This feature is clearly shown in the 
results of the repeated impact test, as well as by photomi- 
crographs. 

Reference has been made to the fact that the mechani- 
cally puddled iron contained less phosphorus than the hand 
puddled when the initial content of the phosphorus in the 
pig iron, from which both were made, was the same. This 
is explained by the reason that the phosphorus has less 
affinity for the element iron at a low temperature than at a 
high temperature and a greater affinity for the oxide; and, 
conversely, the affinity of phosphorus and oxide of iron 
increases as the temperature is less. The practice in hand 
puddling on the part of a vast majority of the men is to work 
on the hot side of the proper temperature, thereby increasing 
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the phosphorus content of the iron itself. This was clearly 
proved in the old washed metal process where it was found 
that, if the temperature increased above the proper point, the 
phosphorus content of the metal increased, in other words, 
the refining process was not efficiently effected. 

It is for the foregoing reasons that the Reading Iron 
Company maintains higher phosphorus for pipe, as shown in 
the hand puddled iron under discussion. I should say, however, 
that the .29 phosphorus is in excess of our regular practice. 

It has been a privilege to be present during the reading 
of this valuable paper and to have been permitted to discuss 
the subject. I thank you for your attention. 


Tue CuarrmMan (Mr. John A. Topping): Gentlemen, this 
concludes our morning program; but before we adjourn, per- 
mit me to call your attention to the very interesting afternoon 
program; I hope that you all will be in attendance at 2 o’clock. 

A recess was then taken until 2 P.M. 

Members re-assembled in the east ballroom at the 
appointed time, Mr. E. A. 8. Clarke, Secretary of the Insti- 
ture, in the chair. 


THe CuHarrMAN (Mr. E. A. 8. Clarke): The first paper 
this afternoon is the ‘‘Comparison of Open-Hearth Furnaces 
of Various Sizes,” by Mr. Stewart J. Cort, of Bethlehem 
Steel Company, Bethlehem, Pa. 


COMPARISON OF OPEN-HEARTH FURNACES OF 
VARIOUS SIZES 


STEWART J. Cort 
Superintendent, Saucon Division, Bethlehem Steel Company, 
Bethlehem, Pa. 

A great many valuable papers have been presented before 
“this Institute dealing with the design and construction of 
open-hearth furnaces, the chemical reactions, thermal 
balances and other interesting technical problems that the 
open-hearth process presents. As the subject of this paper is 
so broad, I have been obliged to limit my treatment of it in 
order to give more particular attention to commercial, rather 
than technical, considerations. 

Today with the increasing demand for greater production 
per furnace and the necessity of securing lower operating 
costs, there has been a concerted drive on the betterment of 
open-hearth construction and operation. In making this 
comparison, I will endeavor to make it a fairly composite 
picture of the industry, and I wish to thank the different 
companies that have so kindly coéperated with me in order 
that I might be able to accomplish it. 

In making a survey of the sizes and operations of different 
furnaces, there is found to be such a wide variation in ton- 
nage produced, and in costs, even on furnaces of equal 
capacity, that it is impossible to make an intelligent com- 
parison unless the operating details of the individual plant 
are taken into consideration. It will, therefore, be necessary 
to briefly point out the basic operating conditions that must 
be’ evaluated when making a comparison. 

The canvass has brought out that practically all operating 
superintendents are thoroughly conversant with existing 
variations in the best open-hearth practice. It is assumed, 
therefore, that the construction of a given furnace, the appli- 
cation of the fuel to it, and the operations of making and 
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teeming the steel are within the control of the operating 
superintendent. It is further assumed that each superin- 
tendent is following what he considers the best practice, and 
these points are consequently eliminated from discussion in 
this paper. 

There are three things that directly affect open-hearth 
production and costs, irrespective of the size of furnace, to 
be considered in the following order: 

Physical Layout. 

Materials Used. 

Grade of Steel Manufactured. 


PuysicaL LAYouT 


Of all the open-hearth plants in the country there are 
practically none that are duplicates. In the majority of the 
older plants the open-hearth furnaces were built to take the 
place of bessemer converters, and in a great many cases 
the rolling mills were built first and the steel producing units 
added later. In others, where additional capacity was desired, 
furnaces were added to the existing line, or a new plant 
built in any available space. 

With this method of growth, the engineer in a great many 
cases has been forced to make the layout suit the existing 
conditions, with the result that each individual plant has 
certain physical handicaps which must be duly weighed in 
making a comparison. An outstanding difference between 
plants is often not so much the actual time required to make 
a heat of steel as the difference in time lost through delays. 
The principal causes of delays are as follows: 

Stocking and Charging—As the number of furnaces built 
in a line increases, the lost time increases proportionately, 
due to interference in charging and in the placing and removal 
of cars. The necessity for adequate and frequent approaches 
to the charging floor, storage space for assembled heats, and 
ample trackage and switching facilities in the stockyard, are 
forcibly brought out in the comparison of furnace tonnages. 
The furnaces showing the greatest tonnage increases are those 
with the best charging advantages. 
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Casting.—The pit or casting floor is one of the serious 
holding points in some of the older and more congested 
plants. The inability to prepare and place the proper mould 
equipment, especially in shops doing a wide range of work, 
such as bottom pouring, inverted and hot top moulds, etc., 
makes it difficult to follow mill schedules and necessitates 
the holding of heats in the furnace with the aftermath of 
furnace bottom trouble. 

Gas Producer Location and Flue Layout.—The location 
of the gas producers and the length of flues play a very 
‘Important réle in the fuel ratio and lost time. 

Furnace Rebuilding and Repairs.—The cost and time of 
furnace rebuilding must be considered under plant layout. 
The plant that has not been provided with means of disposing 
of the material in cleaning out a furnace and in the delivering 
of refractories direct to the furnace, faces a direct handicap of 
five to ten cents per ton on labor and requires twenty per 
cent. longer time in rebuilding, which means lower ton- 
nage production. 

W ater.—The item of water enters into cost of repairs and 
the effectiveness of the water-cooling that can be employed 
on a furnace. The inland steel plants, depending on local 
streams or rivers, have to contend with sediment and acidity 
in the water, which cause more frequent replacement of 
water-cooling devices and piping, due to blockage, burning 
out and corrosion. 

MarTeriats Usep 

There is nothing in the operation of an open-hearth plant 
that gives as much trouble and affects the production and 
costs to such an extent as do variations in the materials used, 
and still they are usually given the least consideration when 
comparisons are being made. 

These materials will be mentioned as follows: 

Pig Iron. 

Scrap. 

Limestone. 

Ore. 

Fuel for Melting. 
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Pig Iron.—The problem of securing the proper quality 
of pig iron for use in the basic open-hearth process is one of 
such vital importance that it deserves a much closer study 
than it has received in the past. It is too often assumed that 
the open-hearth is able to accommodate itself to any grade 
of iron, but experience has demonstrated that the range is 
very limited. 

It is an axiom that the tonnage an open-hearth furnace 
produces and the yield from the ingot vary directly with the 
uniformity of the blast furnace operation. This has been the 
universal experience of steel makers, and in making a study 
of the industry as a whole for this paper, without exception, 
the open-hearth plants making the best showing were those 
receiving the best iron. 

Today the steel maker is called upon to produce a higher 
’ grade product than ever before in the history of the industry. 
From the open-hearth furnace to the finished product a con- 
version cost of $18 to $20 is made, and using a 50 per cent. 
metal charge, $36 to $40 is spent for every ton of pig iron used. 

The majority of steel plants use all the iron the blast 
furnaces produce, regardless of the chemical analysis and 
physical condition of the iron. For example, one plant has 
found that whenever the sulphur and silicon in the iron 
varies beyond desirable limits and the casting temperature of 
the blast furnace drops with improper slag Separation, the 
time of making heats in the open-hearth furnace increases 
15 per cent. over normal and the yield on the finished steel 
at the mills drops 5 or 6 per cent. under normal. In some 
cases, it is very difficult to make the scheduled grade of steel, 
which causes a delay to the rolling mill by compelling diver- 
sion to stock of the unsatisfactory heat, and this delay is 
clearly due to unsatisfactory blast furnace operation. 

The conversion cost put on the iron after leaving the 
blast furnaces, as shown above, is so large that any act which 
interferes with the quality of the iron, so as to increase the 
subsequent conversion costs, is adding materially to the 
total cost of the finished steel. Thus, slight savings that may 
be made in the coke cost, such as changing the coal mixture 


—— 
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to use a cheaper quality of coal; or changing the screens so 
as to admit smaller sizes; or changing the quantity charged 
so as to lower the fuel ratio; or reducing the amount of flux 
to decrease the cost of burden; or whatever other apparent 
economy interferes with the rapid production of chemically 
and physically suitable iron, are much more than offset when 
the total cost of steel is reckoned by the consequent con- 
version losses in the steel plant. 

The manganese content of the pig iron is an item that 
must not be overlooked in making a comparison. This 


“feature has been presented to the Institute several times and 


needs no comment except that the plants using iron with 
1.60 per cent. manganese and over are showing a higher pro- 
duction and yield than those where iron with .90 to 1.10 per 
cent. manganese content is used. 

The percentage of hot metal charged in the different 
plants on stationary furnaces varies from 38 to 65 per cent., 
depending entirely on the amount available and the difference 
in the price of metal and scrap. 

A 50 per cent. metal charge is generally recognized as the 
best mix for all around practice, a higher metal charge giving 
higher conversion cost, due to lower ingot yield. The plant run- 
ning on a fairly constant charge has a distinct advantage over 
one that is constantly changing the per cent. of metal, due to 
the helper being able to secure a much more uniform melt. 

Scrap.—The quantity and quality of melting scrap used 
must always be taken into consideration when comparing 
the tons per square foot of hearth area and coal equivalent 
for melting. 

The furnace charging all heavy melting home scrap will 
be able to charge in forty minutes to one hour, while the 
furnace using miscellaneous purchased scrap will require 
two and one-half to three hours, having to charge two or 
three times, melting down between charges, which automati- 
cally lowers the production 15 to 20 per cent. and increases 
the coal equivalent about an equal amount. 

The roof life of the furnace is correspondingly lower on 
this miscellaneous scrap charge, due to the channeling effects 
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of the flame when the furnace is filled with scrap, which, of 
course, increases the furnace rebuilding costs. 

Limestone-—The variation in limestone is something 
that cannot be overlooked. Limestones with practically the 
same chemical analysis behave quite differently in forming 
the slag. An extremely refractory stone will require thirty 
to forty minutes longer time to shape up the finishing slag. 

Ore.—There is a wide variation in the grade of ore used 
by different plants, both as to size and chemical analysis. 
The plant using a low silica, clean, lump ore enjoys a decided 
advantage, both in the time required in working the heats 
and in time lost on account of bottom and bank trouble. 

Fuel.—Where producers are used, the quality of gas coal 
used, both as to its chemical analysis and physical condition, 
must be taken into account. A plant using a high-volatile 
low-sulphur and low-ash coal that has been screened free of 
slack, has a 10 per cent. or greater advantage, both in tons 
of steel produced and coal per ton of ingots, over the plant 
with the same gas producer capacity, using high-ash, high- 
sulphur coal that has not been screened. 

The plants using low-sulphur fuel-oil for melting have a 
decided advantage on a high scrap charge, due to the elimi- 
nation of sulphur trouble in the steel and being able to carry 
a lower lime ratio. With high metal charges, this advantage 
is lost, due to the slag foaming and not clearing up as rapidly 
as with producer gas. 

Tar as a fuel gives excellent results but has the disadvan- 
tage of filling up the regenerators more rapidly than other 
types of fuel. 

Coke oven gas and natural gas, whether used alone or in 
combination with oil or tar, make a most excellent fuel for 
rapid work and allow asimpler construction than that needed 
for producer gas. Rebuilding costs will also be lower. 


GRADE OF STEEL MANUFACTURED 


One of the most difficult problems in making a fair com- 
parison is that of making the proper allowance for the grade 
of steel being manufactured. 


"~~ 
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The survey made in securing the data for this paper 
brought out some very interesting facts. For example, two 
plants, making steel of the same chemical analysis and for 
the same general use, differ very widely in time taken in 
finishing up the heat. One plant used 5 to 6 per cent. lime- 
stone and the other 10 to 11 per cent. on nearly the same 
charge and grade of scrap, pig iron and fuel, which is equiv- 
alent of one to one and one-half hours in the time of heat, 
the variation being accounted for by the difference in method 


_of rolling the ingots and the ability of the rolling mills to 
divert the steel over a wide range of products. The plant 


called upon to make 100 per cent. high-grade product, with 
no outlet for questionable heats of steel, cannot afford to take 
the chances that another plant with diversified product can 
take without paying too high a penalty on the mill yields. 

The quantity of ferro-manganese, whether added to the 
bath or as a ladle addition; the time of ore additions; and 
the shaping up of the finishing slag in order to eliminate 
as far as possible the unbalanced reactions, differ greatly 
between plants. 

The rating of an open-hearth plant, in the final analysis, 
should be on the tonnage of finished product shipped to the 
customer, rather than on ingot product, for the mill yields 
vary widely between different plants. On some products 
the variation will run 4 to 5 per cent. and on others as high 
as 7 to 8 per cent. The method of rolling, the diversity of 
orders, and whether the steel is shipped to outside customers 
or finished by the same company, have a definite bearing on 
the precautions necessary in the open-hearth department. 

Bearing in mind these variable factors that enter into an 
open-hearth operation, we can better understand why there 
is a difference of as much as 25 per cent. in tonnage between 
plants with the same nominal hearth area and tapping heats 
of the same weight. 

Today it is impossible to pay much attention to the 
nominal rated capacity of a furnace, the only measure being 
the size of heats tapped. The size of steel ladle, crane capac- 
ity and strength of crane runway are usually the governing 
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factors in the weight of heats. The following table gives the 
general increase in furnace capacity which seems to be now 
prevalent: 


Nominal Rating Rated Hearth Area W gn Jae 
Stationary, Basic 50-ton 370 to 400 square feet 60 to 65 tons 
Stationary, Basic 60-ton 440 to 475 square feet 70 to 80 tons 
Stationary, Basic 75-ton 500 to 540 square feet 80 to 110 tons 
Stationary, Basic 90-ton 550 to 600 square feet 110 to 150 tons 
Stationary, Basic 100-ton 650 square feet 140 tons 
Tilting, Basic 200-ton 675 square feet 225 tons 
Tilting, Basic 250-ton 775 square feet 250 to 270 tons 
Tilting, Basic 300-ton 825 square feet 250 to 400 tons 


During the past ten years there has been a decided 
increase in efficiency of open-hearth operation all along the 
line, so that today the production per furnace has been 
raised about 30 per cent. and the plant that has failed to 
achieve this increase has not followed the general trend of 
the industry. 

This increase in production cannot be credited entirely 
to the larger heat but to a general improvement in materials 
charged, better valve and water-cooling, furnace design and 
a general betterment of auxiliary equipment. 

The plants that have failed to benefit by increased size 
of heats are those that have increased the hearth, and not 
the regenerators and valve areas to meet the increased charge. 

I wish to make a direct comparison between stationary 
furnaces under 90-ton capacity, stationary furnaces tapping 
90 tons and over, and the large tilting furnaces, as to the 
quality of product, the number of tons per hour per thousand 
square feet of hearth area, and the cost above net metal. 

In attempting to tabulate the data collected from a large 
number of plants, I find the figures are so misleading that 
they would simply result in confusing the comparison unless 
they are accompanied by exhaustive explanations. This is 
due to the variations pointed out in the first part of this 
paper and the methods employed in keeping plant records 
and in making up cost sheets. For example, there is no uni- 
form way of computing hearth areas, furnaces with exactly 
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the same exterior dimensions reporting a difference of 10 
to 15 per cent. in hearth area; and there is no standard 
method of computing operating hours. 

The records for melting, whether coal, gas or liquid fuel, 
are not exact, often being estimates for the unit in question. 

The distribution of producing labor against different 
parts of the operation varies greatly between companies and 
also between different plants in the same company. Repair 
and maintenance costs, both for material and labor, are 
other items lacking uniformity. In some cases, repairs are 

charged direct against the tonnage produced that month; in 
others, on provision accounts; and in still others, against the 
capital account, considering the material replaced as having 
been written off. 

The methods of computing the ingot yield of open-hearth 
furnaces vary widely. Some plants use the actual weights of 
‘materials charged into the furnace and the actual weight of 
ingots produced; while other plants use estimated weights 
for the scrap produced by the rolling mills, charging this 
weight to the open-hearth, and the ingot production is 
also estimated. 

A general summary will first be given, trying to interpret 
as accurately as possible the different operations in different 
plants. There will also be shown the exact figures of a year’s 
operation of furnaces tapping 80 and 110-ton heats in the 
same plant, where the same grade of steel is made and all 
records and costs are kept on exactly the same basis. 

Quality of Steel Produced.—There was at one time a seri- 
ous doubt in the minds of steel makers whether as good a 
grade of steel could be produced in a large furnace as could 
be made in the small furnace. The reports on this question 
are unanimous that equally as good quality steel can be made 
with the large heats as the small. 

One maker of sheets has gone from 110 to 150-ton 
heats with no change in mill practice. Another maker of 
high-grade carbon and alloy steel has increased his heats 
from 80 to 100 tons and the results are so favorable that he 
is now preparing to make 125-ton heats. Another firm 
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reports that practice from 110-ton heats against 80-ton 
heats showed 0.4 per cent. better yield on the mills, taken 
over an entire year’s operation. 

The large furnace has been in use for a sufficient time to 
definitely establish that there is nothing to be feared as far 
as quality is concerned. The large heat assures better pour- 
ing practice when the proper design of ladle is used, as the 
loss of heat by radiation is less and more time and care can 
be taken in teeming. 

Tons Produced Per 1000 Square Feet of Hearth Area Per 
Hour.—Only yearly averages under normal conditions can be 
taken as a comparison. Stationary basic furnaces, tapping 
between 60 and 90-ton heats, vary from 12 to 19 tons per 
1000 square feet per hour; with the major portion of the fur- 
naces, that are more nearly on an equal basis, between 13.5 
and 14.5 tons. 

The figure of 14 tons per 1000 square feet per hour for 
furnaces tapping 80 to 90-ton heats can be taken as a good 
standard operation. There are, however, a few notable 
exceptions to this: one plant tapping 60-ton heats main- 
taining 16 tons per 1000 square feet per hour; and another 
tapping 80 tons, running 19 tons. 

The coal equivalent for the 14 tons per 1000 square feet 
plant tapping 80 to 90-ton heats, is about 550 pounds and the 
monthly production runs between 5200 and 5600 tons. 
Stationary basic furnaces tapping 90 to 150-ton heats vary 
from 13 to 17 tons per 1000 square feet per hour, the plants 
more nearly comparable falling between 15 and 17 tons. The 
figure of 16 tons for furnaces tapping 110 to 125-ton heats 
can be taken as good standard practice, with coal equivalent 
of 500 pounds, and monthly production running between 
6500 and 7000 tons. 

Tilting furnaces with 200 to 300 tons capacity, running 
on pig iron and scrap, vary in method of tapping. In some 
cases single heats are tapped and the furnace not drained, 
while the common practice is to drain the furnace each 
time, taking two, three or four heats, depending on the size 
of furnace and the ladle capacity. The comparison of tons 
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per 1000 square feet per hour varies widely, running from 
12 to 20 tons. The two plants most nearly comparable are 
making as follows: One with 200-ton furnaces produces 9000 
tons per month with 500-pound coal equivalent, while the 
other with 300-ton furnaces produces 9500 tons per month 
with approximately the same coal equivalent. 

As would be expected the large furnace has the greater 
hourly capacity and better fuel efficiency. 

Cost Above Net Metal—Cost above net metal is a much 
better figure to use for comparative purposes than total con- 


“version cost, as it eliminates largely the variation due to dif- 


ferent percentages of pig iron and scrap charged and also 


variations in the cost of these commodities. 


These figures in a great many cases aré rather surprising 
in that the larger furnaces do not show the saving expected 
although they have the advantage in heating, labor, main- 
tenance and rebuilding costs, the difference coming in the pro- 
ducing labor and rebuilding costs, which is not a reflection 
on the large furnace but rather on the method of operating. 

The following figures are for an Eastern steel plant for 
the year 1925, the comparison being between 75-ton basic 
stationary furnaces and 200-ton basic tilting furnaces, the 
tilting furnaces charging 215 tons and tapping two 107-ton 
heats, draining the furnace each tap: 


75-ton Stationary 200-ton Tilting 
IWieightOnhestonce. . oh « noe aei-cie 82.8 tons *2 of 107 tons 
eo production per furnace per 
308 Otis De ete On eee 59,538 tons 110,639 tons 
Tons ieromieed per 1000 square feet 
PCTMNOUI as Aeiseete crema eere aha ee 13.9 tons 19.3 tons 
Coal MSEC PENGON Gs as teceies eines ate 587 pounds 496 pounds 
Time of heats, tap totap.......... 12 hrs. 7 min. *8 hrs. 55 min. 
Charge: Hot metal............... 49.89 per cent. 22.30 per cent. 
Coldimetalie. iin... oss 1.73 per cent. .15 per cent. 
Steel-seraye 2 ss... ee." 42.84 per cent. 76.63 per cent. 
ORCA ye ant oe «Stel scene 4.11 per cent. .01 per cent. 
Bottom delays per year per furnace .| 236 hrs. 9 min. 15 hrs. 10 min. 


*Figured on single heats, as each ladleful carries a separate heat number. 


The above figures give a definite idea of the nature of the 
operation on each type of furnace. 
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“irons, lien wap. shangel on. Sitinn: Sonaen anh eaheaer a 
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Wartous sizes of furmaces and their adaptability te the Gian 
ent percemtages of pig item and serap that BREN 
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two factors: the capacity of the steel ladle, and the percent- 
age of pig iron and scrap used. It is possible to build ladles, 
cranes and runways of very large capacities but the maxi- 
mum ladle will probably not exceed 150 tons from our 
present experience. The 150-ton heat is handled successfully 
today, requiring a 200-ton ladle crane. 

In designing a steel ladle of large capacity, it is necessary 
to keep the height of ladle as low as possible, in order to 
reduce the static head on the stream of steel in teeming 
the first ingots of the heat, and also to insure good stopper 
rod practice. The increase in size is best obtained by 
increasing the cross-section of the ladle. To exceed 150-ton 
capacity, the size of ladle and crane reach a point where they 
become unwieldy. 

The most satisfactory size of nozzle for general work in 
pouring is 134 inch and should not exceed 2 inches. With the 
refractories now used for nozzles and stopper rods, 150 tons 
is about the maximum, when careful pouring is required; 
and in cases where small moulds are used with numerous 
shut-offs, 125 tons will probably be the limit. 

The capacity of the bath of the stationary furnace can 
only be increased in size by increasing its length and by 
deepening the hearth, as the width is established at a maxi- 
mum of 15 feet to 16 feet which is the limit at which it is 
possible for men to tap heats and rabble out holes in the 
bottoms and banks and properly maintain them. 

The furnace which has increased its capacity by deepen- 
ing the bath is definitely committed to a high scrap charge 
in order to secure maximum production, and the furnaces 
tapping the largest heats today are using only 38 to 42 per 
cent. metal. With deep bath, oxidation is slower and it is 
difficult to carry the proper slag volume, which increases 
with the pig iron charged. It has been found that the time 
lost in oxidation on heats using more metal than is needed 
to give the proper melt, offsets the advantage gained by the 
larger heats. Or it may be stated conversely, that with a 
deep bath, less steel is exposed to the slag and therefore less 
pig iron is required. 
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The furnace running a 24 inch depth of bath will work 
very successfully on high hot metal charges. Increasing the 
capacity of the hearth by lengthening the bath and main- 
taining a relatively shallow depth for rapid oxidation has the 
disadvantage of requiring a bottom too flat for proper drain- 
age to the tap hole, with the result of excessive delays in 
repairing it. 

Today plans are being made to build 250-ton stationary 
furnaces, having a bath 43 feet by 16 feet with a depth of 
. 37 inches, using a bifurcated spout tapping into two ladles. 
This type of furnace will be a melting process using a high 
scrap charge. 

The largest stationary furnace built today has a bath of 
47 feet by 15 feet and is designed for 140-ton heats. This 
furnace should work satisfactorily on high percentage of metal, 
providing it is possible to maintain the bottom. 

The 250-ton tilting furnaces are coming into favor as a 
balance wheel in steel plants that have requirements for 
bessemer steel. They are admirably adapted for high scrap 
charges when the maximum output of steel is not required, 
and can be used for duplexing when peak requirements are 
to be met. The operation of tilting furnaces is a good illus- 
tration of the effect of bath depth on rapidity of oxidation 
with various percentages of metal. 

The largest producer of steel with tilting furnaces finds 
that 35 per cent. of metal is the best charge and that 42 
per cent. is about the maximum for satisfactory tonnage. 
Another company running 200-ton tilting furnaces, with a 
22 per cent. metal charge, is able to produce 10 per cent. more 
steel per furnace than a 250-ton tilting furnace with 60 per 
cent. metal, and does it with 70 pounds of coal less per ton 
of steel produced. 

A new plant is now under construction, in which are 
being installed 100-ton tilting furnaces for the manufacture 
of high grade steels. This type furnace has the advantage of 
freedom from bottom trouble and insurance of a uniform 
rate of tap, which are two very essential things in the making 
of alloy steels. 
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SUMMARY 


In summing up, I would say that in trying to coérdinate the 
data collected in order to compare the operations of furnaces of 
different capacities, such differences appeared that it was necessary 
to determine the variable factors; and I have tried to bring them 
briefly to your attention in this paper. 

The capacity of an open-hearth furnace of any given size is so 
dependent on the nature of the materials charged, the kind of fuel, 
used for melting and the quality of the product it is called upon to 
produce, that any comparison is worthless unless all these items 
are given the proper consideration. It is also necessary to stand- 
ardize the methods of keeping open-hearth furnace production 
records and a uniform system of showing the correct distribution 
of costs in order that a comparison of the operations of different 
plants will not be misleading. 

I wish to again emphasize that inherently there is no reason 
why as good steel cannot be made in a large furnace as in a 
small furnace. 

The saving in man power in the operation of the large furnace 
is an important item, as. more tons are produced per man with the 
accompanying lower labor costs. 

From the standpoint of capital invested the 100-ton stationary 
furnace is the most economical to build and gives the most satis- 
factory results when the operation calls for the use of 40 to 65 per 
cent. hot metal. 

The large tilting furnace, while having the higher initial cost, 
can more than offset this by the saving in operating costs, pro- 
viding it is possible to utilize it to the best advantage; that is, 
either on a high steel scrap charge varying from 60 to 80 per cent. 
scrap, or using it in the duplex operation. 

The large tilting furnace is best suited for a large steel plant 
which is equipped with sufficient soaking pit capacity to charge 
250 to 300 tons of ingots at a time, while a small steel unit can 
be more efficiently operated if the ingots are received in small 
increments. 

The large furnace, while it is able to produce at a lower cost, 
will not be able to entirely displace the 60 to 75-ton furnace in 
specialty shops; that is, shops making a wide range of alloy steels 
for the merchant trade where only small tonnages are required of 
a given composition. 


Tue CHatrMan (Mr. EH. A. 8. Clarke): There will be a 
discussion of Mr. Cort’s very interesting paper by Mr. James 
L. Hyland, Superintendent of Open-Hearths, Illinois Steel 
Company, Gary, Indiana. 
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Discussion By JAMES L. HyLAND 


Superintendent of Open-Hearth Furnaces, Illinois Steel Company, 
Gary, Indiana 


The open-hearth furnace is covered in Mr. Cort’s paper 
in a very comprehensive manner, both as to costs, quality 
and production. The keen competition which steel must 
meet and the new uses to which steel is now put require it 
to stand up under harder conditions than ever before and 
emphasizes the importance of the subject under discussion. 


‘ Specifications have been growing more exacting for several 


years with the development of special machinery and quan- 
tity production at the plants of fabricators and with the 
demand of engineers for steels for specific uses, until in many 
steel plants the majority of the tonnage is of a specialty 
nature with very little of the class which was formerly called 
ordinary. In many of the grades not only the physical 
properties must be very good but the analysis of the finished 
product must be controlled within narrow limits and with 
practically no allowance for variation. These conditions 
have had the effect of very materially increasing costs, and 
operators have the problem of producing a more exacting 
quality of steel and of endeavoring to increase efficiency in 
order to try to keep down costs. 

The efforts along the line of quality extend beyond the 
confines of the open-hearth, as it is recognized that the regu- 
lation of the charge is a prerequisite to the manufacture of 
good quality steel. In agreement with Mr. Cort’s statement, 
the blast furnace can properly be considered the first step in 
the manufacture of steel and too much emphasis cannot be 
placed on the desirability of good iron, especially so when 
there is a large percentage of pig iron in the charge, as the 
effect of its quality is felt in each succeeding step of the proc- 
ess. A careful control of the analysis of the iron enables the 
open-hearths to charge so as to melt at the proper carbon, 
and with the correct amount of fluxes to purify the bath and 
allow it to be shaped up properly without undue adjustments 
or additions while it is being worked. The heat is then able 


166 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


to respond to the treatment which is given it in finishing 
without the handicap of having raw materials added after it 
has melted. 

The cost of meeting the present specifications can be 
partly offset by a greater output of the furnaces and the 
tendency has been to increase the size of the heats in the 
older furnaces by charging heavier and banking up the doors 
and to build new furnaces of larger capacity. In drawing 
comparisons to determine the tonnage to be expected from 
various sized furnaces, the hearth area alone does not give 
a true indication of the capacity, as there is considerable 
variation in the depth of bath relative to the area in the 
design of furnaces, and in addition nearly all furnaces now in 
operation are overcharged, the excess ranging from small 
amounts to as high as fifty per cent. over the rated capacity, 
thus increasing the depth of the bath still more. A few 
examples will illustrate the possibilities of increasing the 
capacity and the tons of product per thousand square feet 
of hearth area :— 


Hearth Area/Rated Capac-] Size of Heat | Per cent. Over | Tons per 1000 sq. 
Square Feet] ity; Tons | Tapped; Tons| Rated Capacity | ft. of Hearth 
Area per Hour 
496 62 64 3.23 11.07 
448 56 61 8.93 13.10 
600 75 92 22.66 15.33 
600 75 106 41.33 16.41 
424 53 80 50.94 19.42 


The above data represent measurements and tonnages of 
furnaces in five plants operating as nearly on the same basis 
as can be selected and the range in ratio of rated capacity to 
size of heat is wide enough to show that the general effect of 
increasing the charge without enlarging the furnace is to 
produce more tons per hour. Fig. 1 plotted from this data 
illustrates this general tendency. 

The effect on the fuel consumption of increases of this 
kind depends on the reserve capacity for handling and pre- 
heating the gases and removing the products of combustion 
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without damaging the brickwork of the furnaces. From the 
standpoint of heat balances a saving of fuel is to be expected 
as the radiation from a sixty-ton furnace amounts to approxi- 
mately 25 per cent. of the total heat supplied, and within 
comparatively narrow limits the B.T.U. lost in this manner 
per unit of time will not change with varying charges. By 
making larger heats and increasing the tonnage relative to 
the area of the radiating surfaces this loss per ton of ingots 
should be decreased. When the charge is increased it is with 
the object of increasing production, the furnaceman attempts 
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to make as good time as before and constrictions become 
apparent which were not noticed with the smaller production. 
Of course, there is a tendency to widen flues and provide 
larger areas wherever possible to correct this fault and sav- 
ings have resulted from these changes. Plants producing 
high quality steel covering a wide range in specifications do 
not show as much benefit from this as those making a large 
majority of structural steel. The manufacture of rails, wheels, 
axles, drop forgings, cold drawing and cold pressing stock, 
telegraph wire and other steels of this character requires from 
twenty-five to seventy-five pounds more coal per ton of prod- 
uct than common steel, because of the heavy slag carried and 
the time for shaping up and finishing the heat. 
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The design of a furnace for large capacities should be 
made with special reference to the disposal of flue gases, as 
the velocity and temperature will cause rapid erosion of the 
brickwork in the ends of the furnace unless the passages at 
this point are large enough to provide an easy exit and con- 
strictions further on, due to valves or small flues which effect 
the draft, throw the furnace off balance by building up a 
back pressure, causing distortions in the travel of the flame 
and interference with the proportionate admission of air and 
fuel which cannot be overcome by any adjustment of gas 
pressure or air inlet. The relative velocity of gas to air enter- 
ing the furnace ports is approximately 2:1; but when back 
pressure is built up the furnaceman can raise the gas pressure 
to overcome it, while the air, which is forced in by barometric 
pressure, cannot be regulated in the same way and combus- 
tion is retarded giving a long, misshapen flame. The result 
of this is to not only damage the furnace by overheating the 
walls and roof, but to make it work sluggish; the heats are 
slow in clearing up and do not purify easily, the quality of 
the steel is thus impaired and the delays repairing bottoms 
are increased by having the heat lay on the hearth too long 
after it is melted. Undoubtedly some of the criticisms of 
large furnaces have come as the result of this difficulty. 

It has been shown by comparison that a large furnace can 
produce as good steel as a small one. With a correct propor- 
tion of checkers and flues to the furnace and with lines which 
promote efficient combustion a large furnace will work as 
sharp as a small one. The reactions in the bath are carried 
out promptly, the temperature is controlled easily and there 
is no reason to expect difficulty in making high grade steel, as 
well as the common grades, except as stated before that for 
the special grades the fuel practice will be higher, the addi- 
tions will be larger and the time of the heat will be longer, as 
the furnaceman with one hundred tons of a special grade of 
steel on the hearth cannot sacrifice quality in order to 
save time. 

With all other things equal, a large furnace can be oper- 
ated more cheaply than a small one, but in order to obtain 
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the full efficiency the accessories must be proportioned so as 
to make a well-balanced operation and not allow delays to 
occur. The cost per hour for operating a large furnace is high 
compared to a small one and unless the tonnage produced is 
proportionately high it will incur a loss, instead of making a 
gain as expected; a few minutes lost on each furnace each 
day through stocking and charging or pitside delays will over- 
come the advantage of a line of large furnaces over one of 
less capacity. 

The condition of loads in the charging boxes delivered to 
- the furnaces has a marked effect on furnace time as nearly 
all open-hearth plants use some scrap which is undesirable 
from an operator’s point of view, and unless care is taken, the 
loads will be very light. This not only makes for slow charg- 
ing on the furnace being charged, but often interferes with 
other furnaces by tying up the charging machines and con- 
gesting the floor with buggies. The effect of improving the 
charging time is felt also in the melting time, because heat is 
lost from the hearth and checkers by admission of cold air 
through the open doors and is replaced later at the expense 
of time and fuel. In order to obtain the best results in 
respect to loads, there should be ample equipment so that 
several charges can be kept loaded ahead, eliminating the 
necessity for rushing the work in the stock yard. 

The effect of improved furnaces is felt in nearly all the 
auxiliary equipment. This is especially true in some of the 
older plants which were designed and built for considerably 
smaller tonnages than are now produced. In the pitside the 
delays are easily seen, because they result in the accumula- 
tion of dirt and the actual holding back of tapping, but they 
are often harder to cure than those on the charging side. 
Ample crane capacity and equipment for handling slag and 
pit scrap and for pouring steel are very helpful in producing 
high tonnages and good quality steel. Capacities must be 
increased in all the various branches and the operator’s 
problem is thus not only to develop greater capacity and 
speed of furnaces but to harmonize all the activities of the 
open-hearth to the new program. 
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Tur Cuarrman (Mr. E. A. S. Clarke): Are there any 
comments on the very interesting paper and discussion? We 
can permit some informal discussion under the five minute 
rule if anybody would like to say anything. If not, we will 
proceed to the next paper. 

‘‘Notes on Coke Testing,” by Mr. William A. Haven, 
Superintendent of Northern Furnaces, Republic Iron and 
Steel Company, Youngstown, Ohio. 
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NOTES ON COKE TESTING 


Wiuuram A. Haven 


Superintendent of Northern Furnaces, Republic Iron and Steel Company, 
Youngstown, Ohio 


Of the several raw materials used in the production of 
pig iron the one most likely to determine the success of the 
operation is the coke, since upon the quality of the coke 
vitally depend the driving rate of the furnace, the smoothness 
of its operation and the burden ratio; and these phases of 
furnace practice, by their effect upon the tonnage, ore losses 
and fuel consumption, largely establish the cost of the 
product. For successful blast furnace practice, therefore, 
it is essential to obtain the best possible grade of coke from 
the coking coal available. Fortunately, in modern ovens, it is 
possible to produce good coke from the poorer grades of coal. 
Many of the functional values of coke in the blast furnace 
may be improved by the manipulation which-is now possible 
in the treatment of the coal and the coke at the coke plant, 
as in pulverization, mixing, intensity of heating, duration of 
coking, quenching, sizing and screening. There is, moreover, 
a growing spirit of willingness on the part of the coke oven 
operators to conduct their practice along lines more favorable 
to the production of good metallurgical coke. It has been 
their complaint, however, that it is difficult to find out the 
exact kind of coke which the furnacemen would like to have, 
because the latter cannot ordinarily express with accuracy 
their ideas of coke quality in terms which are related to both 
blast furnace and coke oven practice. The furnaceman rates 
the coke by its ability to give a smooth working furnace and 
a good grade of iron while carrying a sufficiently large ore 
burden to secure a low coke rate. But it is too much to 
expect that the quotation of burden ratios, dust losses and 
off-iron reports will be accepted as conclusive evidence of 
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good or bad coke oven practice, and the furnaceman profits 
but little, unless he can show the relation between furnace 
practice and those qualities of the coke upon which it is 
within the ability of the coke producer to improve. 

The determination of such relationship is properly a 
blast furnace problem, as it requires, primarily, a knowledge 
of blast furnace phenomena. It also requires, however, a 
knowledge of the properties of coke by which it performs its 
duties in the furnace, and a means of expressing the degree 
in which different grades of coke have, or do not have, such 
properties. The development of satisfactory methods for 
testing coke has, therefore, received much attention from 
blast furnace operators. But while quite exhaustive studies 
have been made of the numerous properties of coke, the 
attempts to establish comprehensive cause and effect rela- 
tions between coke properties and furnace practice have not 
met with general success. Perhaps too much importance has 
been attached at times to individual characteristics, as in 
recent years to combustibility, and in the past to sulphur and 
ash contents, or to some difficultly defined quality, such as 
luster or cell structure, whereas each of the several distinct 
duties, which coke in the blast furnace must perform, may 
call for entirely different combinations of properties. All 
the property values should be known that are essential to 
the determination of functional values unless direct func- 
tional tests may be applied. On the other hand, if only the 
functional values really need be known, a number of rather 
difficult tests can profitably be omitted from a list of those 
essential to the valuation of coke for blast furnace use. The 
calorific or fuel value, the chemical suitability, the reactivity 
of the coke substance with oxygen and with the furnace gases, 
and the mechanical fitness of the coke, these, we believe, 
if tangibly expressed and in terms which permit comparison 
with standards of such values, will be sufficient in most cases 
to explain or predict the performance of coke in the blast 
furnace. A series of tests aimed at the determination of such 
values has developed at the Youngstown plant of the Repub- 
lic Iron and Steel Company and has turned out to be of real 
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operating usefulness. It is the purpose of this paper to 
describe the procedure of coke testing at Haselton Furnaces 
and such facts regarding its application as are thought to be 
of general interest. 


CoMBUSTION TEST 


In common with that of other furnacemen, it has been 
our experience that the driving rate of a blast furnace is 
strongly affected by some quality or combination of qualities 
in the coke which establishes its combustibility. One impres- 
sive demonstration of this fact within our experience occur- 
red when operating the Etna Furnace at Ironton. The 
coke ordinarily bought for Etna Furnace was made in 
Semet-Solvay ovens, chiefly from Eastern Kentucky coal, 
and the furnace at full capacity of the blowing engines made 
about three hundred tons of pig iron per day. In December, 
1915, the coke contract expired and while negotiations for 
a new one were going on, it being considered wise to find 
another source of supply, we first tried some beehive coke 
from the Toms Creek (W. Va.) District. The results were 
very bad. The furnace promptly went on higher pressure 
than our blowing engines could contend with, and none of 
the usual remedies were successful in loosening her up for 
any length of time. After a trial of several weeks the attempt 
to use this fuel was given up and a supply of Pocahontas 
- beehive coke was secured. To this change the furnace 
responded in just the opposite manner. The blast pressure 
soon became normal and the rate of driving was improved, 
even over that obtained with the regular coke, to the extent 
that we were able to raise our month’s daily average pro- 
duction to 356 tons from a best previous figure of 313 tons. 
In another case, at Haselton Furnaces, there seemed to be.a 
considerable difference in the combustibility of the coke 
made from Freeport coal and that made from the Klondike 
mixture. By actual test run on a small blast furnace, the 
number of charges taken at the same rate of blowing was 
about ten per cent. greater for the Freeport coke. The matter 
of combustibility, therefore, was particularly interesting to 
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us, and the development of a suitable combustion test seemed 
to promise profitable results. 

In planning the investigation of combustibility, recogni- 
tion was given to the obvious fact that the burning rate of 
coke in a blast furnace is greatly affected by the size of the 
coke pieces. It is common knowledge among furnacemen 
that large blocky coke will slow up a furnace and in some 
cases, as at the Republic ovens, it has been found desirable 
at times to break down the large pieces by rough handling 
on the screens, the purpose being to expose a larger percent- 
age of coke substance to direct contact with the blast. 
Under test conditions the same principles should hold, so 
that a uniform size of coke pieces was plainly a necessary 
starting point. In the second place, it was believed that a 
test to be practical should be on a small, laboratory scale, 
as the use of salamanders would render routine determina- 
tions prohibitive in cost. Thirdly, the combustion should be 
carried out, if possible, in an atmosphere of high temperature. 
How these conditions were met appears in the following 
description of the test, which is, except for a few minor 
changes, as we gave it to the Eastern States Blast Furnace 
and Coke Oven Association in 1922 (‘Iron Age,’ September 
14, 1922). 

For the purpose of the test a large sample is secured from not less than 
five cars of coke. From this a portion is taken, by quartering down, for chemical 
analysis, and the remainder after being dried for twenty-four hours is sized 
through a three-inch screen onto a two-inch screen. Ten kilograms of what 
stays on the two-inch screen is placed in a steel drum for the tumbling test. 
The drum is rotated at a speed of 23.6 revolutions per minute for a period of 
one hour. Discarding the coke from the drum which passes through the one- 
fourth inch screen, the remainder is quartered down to a one-half kilogram 
sample, the entire amount of which is crushed to pass through a 5-mesh Tyler 


Standard screen, and that portion of it which remains on the 6-mesh screen is 
used for the combustion test. 

The shell of the furnace used in the test is made of steel pipe, twelve 
inches long and eight inches in diameter. In the center of the pipe is a hollow 
asbestos core around which is wrapped about ninety grams of from nineteen 
to twenty-two gauge wire. The core is packed in the pipe with asbestos and 
through it is inserted a silica tube, one and one-eighth inches in diameter and 
thirty-one inches long. Oxygen is led into the furnace through a rubber stopper 
and the discharge end is packed with asbestos through which there is a small 
glass tube for the escaping gases (see Fig. 1). 
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A one gram sample of coke, sized as described above, is weighed in a 
platinum boat, five-eighths of an inch wide, one-half inch deep and three and 
one-eighth inches long. The temperature of the furnace is brought to a con- 
stant at 1800° F. The boat is placed in the furnace and the sample burned for 
one minute in an excess of oxygen, which is assured by maintaining a pressure 
of two inches of mercury. It is then removed and weighed to determine the 
loss of weight. In the same manner, the loss in two and in two and one-half 
minutes is determined, or at half-minute periods, until the combustible matter 
is nearly all consumed. The average of these results expressed in centigrams 
per minute is taken as the burning speed. 

The determinations are run in duplicate or until a satisfactory check is 
secured for each period. In order that results may check closely it is essential 

_to use platinum boats, identical as to size and shape, to distribute the samples 


may 


Fig. 1.—Laboratory Apparatus used to Determine Combustibility of the 
Coke Substance. 


evenly within the boats, so that the surface exposed to oxidation shall be as 
nearly constant as possible, and to have the initial temperature of the furnace the 
same in each case. About forty-five minutes work in the laboratory is required. 

It should perhaps be explained that oxygen is used for 
the test, rather than air, for several reasons which are good 
although not readily apparent. Oxygen in commercial tanks 
is purer and more readily handled than compressed air from 
the usual laboratory source. With oxygen, the combustion is 
so intense that even with so small a sample of coke the tem- 
perature of the furnace is not reduced, while in using an 
excess of air the initial temperature cannot be maintained. 
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The volume of oxygen required passes through the tube at a 
speed which does not disturb the coke particles, whereas the 
volume of air to provide an equal weight of oxygen would 
have a velocity sufficient to blow the burning particles out 
of the boat. 

The sample is prepared from pieces which survive the 

ordeal of the tumbling barrel, as we believe they more truly 
represent the character of the fuel which finally reaches the 
tuyeres. The amount broken down in the tumbler and dis- 
carded from the combustion test sample varies from thirty 
to fifty per cent. of the total sample, which is, of course, 
much more than is blown out or consumed in the upper parts 
of the furnace, but is, we feel, in a way a measure of the 
relative susceptibility of the coke to abrasion and perhaps 
to solution in CO,, agencies whose destructive effect, we 
take it, a true combustion test does not properly include. 
Size, friability, solubility in CO, and other properties of coke 
have an undoubted bearing upon the driving rate of the 
furnace, but this particular test was contrived to indicate the 
relative reactivity of the coke substance with oxygen. By 
such a test we might hope to learn something of the part 
played by the specific gravity, the cell structure and the 
chemical composition of the coke. 
« Getting satisfactory checks was not at first accomplished 
without difficulty, but we were encouraged by the fact that 
materials of unquestionably different combustibility, such 
as charcoal and the dense carbon deposits from by-product 
ovens, gave results which indicated that the principle of the 
test was not unsound, so that its development should be 
largely a matter of refinement of details as to equipment and 
conditions and of exact repetition in the methods of pro- 
cedure. Worked out, finally, as described, duplicate determi- 
nations in most cases gave results which varied not more than 
one and one-half centigrams per minute, which we have 
considered a reasonable maximum allowable difference. 

Application of the test to our own fuels did not support 
the conclusion, based on furnace practice, that there was a 
difference in the combustibility of the Freeport and the 
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Klondike coke (see Fig. 2). A burning speed of about 35 
centigrams per minute was indicated for each and many 
determinations since have failed to show any great deviation 
from that figure. Other kinds of experiments have shown 
that the faster traveling of the furnaces with Freeport coke 
was probably due to its greater brittleness, which caused it 
to break down into smaller pieces. 

The first outside coke tested was from other plants in the 
Valley, those of The Youngstown Sheet and Tube Company 
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Fig. 2—Curves Showing the Relative Combustibility of Coke Substance in 
samples of coke made from different kinds of coal. 

and The Brier Hill Steel Company. Both varieties were made 
in Koppers ovens under similar operating conditions and 
using 20 and 15 per cent. of Pocahontas low-volatile coal in 
the mixture. Klondike coal was used for high-volatile. The 
resulting burning speeds were 36.56 and 36.28, very little 
different from that of Republic by-product coke made from 
a similar mixture. 

It was not until we tested coke made from coal very much 
different that any marked variation in combustibility was 
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found. One piece of coke from the Chicago District gave the 
exceptionally high result of 44.70. Later, a regularly sampled 
specimen of the same fuel gave the figure of 41.66. Nearly 
all the samples from other localities varied more or less from 
Republic coke and from each other as shown in Table A. 


TABLE A.—COMBUSTIBILITY OF COKE SUBSTANCE 


Per cent. of Sample | 
Consumed verage| Ash, |Hard- 
Sample Coal Mixture Burning) Per | ness 
In In In Speed | cent. |Factor 
1 Min.|2 Min.|24% Min. | 
——— | 
Republic, By-product. ..| 91% Freeport, PS 
Y “ : 9% Pocahontas 37.95 | 71.49 | 78.98 | 35.09 /13.03 | 61.38 
Youngstown eet an 80 ondike, 
i Tube Co. By-product. 20% Pocahontas 41.76 | 72.12 | 79.67 | 36.56 |11.75 . 65.67 
rier Hill, By-product...| 85 ondike, “ 
15% OoaNonian 40.72 | 71.49 | 81.30: | 36.33 |12.50)| 67.10 
ba pats weathhr ners et es 32.90 | 72.40} 85.90 34.49 |10.00 61.54 
isconsin teel, y- | 94 enham, | 
are net ites “ace 6% Pocahontas 46.66 | 81.05| 89.87 | 41.04 | 5.40 ) 66.16 
inois Steel, By-product.| 20 ynch, = la. 
80% Pacahontan 44.53 | 77.53 | 87.34 | 39.41 | 9.61) 65.67 
rehs A pada tiers rae uae Si Mccntaa 33.45 | 69.75 | 81.89 | 33.69 | 9.82) .... 
abama, By-product....| 70 ayreton, 
50S, Woneee } 34.22 | 66.97| 77.26 . 32.87 |13.22 | 59.87 


Comparison of the burning speed with the chemical 
analysis of several different kinds of coke, confirms the 
expectation that high ash is a detriment to rapid combustion. 
That cellular constitution also plays an important part can 
be shown by microscopic examination of the samples, another 
phase of coke testing into which this study led us. Photo- 
micrographs of 35 diameter amplification (see Fig. 3) indi- 
cate that combustion is retarded by dense cell walls and also 
that it is probably a multiplicity of cells, rather than their 
magnitude, which is most conducive to rapid burning. We 
would also expect to find a close relation between the com- 
bustibility of coke and its density, but regret a lack of data 
as to the latter. 

Attempts were made to change the combustibility of the 
Republic by-product coke by changes in the coking time and 
in the intensity of heating. Very green coke was found to 
burn faster, but for the most part these efforts were unsuc- 
cessful. The elements which chiefly control the combusti- 
bility of any coke seem to be in the coal from which it is 
made and it appears unlikely that anything which is done in 
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35 diameters. 

1. Charcoal across the grain. 

2. Coke substance composed largely of very minute cells. Highly com- 
bustible. 

3. Typical structure of Republic by-product coke (91 per cent. Freeport, 
9 per cent. Pocahontas). 

4. Typical structure of by-product coke from Klondyke coal with 20 per 
cent. of Pocahontas. 3 and 4 are of medium combustibility. Large cells 
and moderately thick cell walls predominate. 

5. Very soft coke due to thin cell walls. Not, however, highly combustible. 

6. Very hard coke with thick cell walls. Slow burning. 
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the ordinary process of coking will make it burn much faster 
or slower than the rate predetermined by the quality of the 
coal. In support of this theory we had later the results of the 
combustion test upon semi-weekly samples from the Hasel- 
ton ovens for several years, covering the operation of both 
wide and narrow ovens and a wide range of coking time. 
There was no important variation in the burning speed of the 
coke made during this period from either Klondike or Free- 
port coal, although coke made in the same ovens in December, 
1924, from Alabama coal gave the distinctly different burn- 
ing factor of 32.65. Since the coal supply at Haselton is 
uniformly from the same sources, we have come to feel that, 
‘so far as any effect on the driving rate of the furnaces is con- 
cerned, we may consider combustibility of the coke substance 
as a constant. We believe it probable, also, that the same is 
true with respect to the reactivity of the coke substance with 
carbon dioxide and would not expect to find much difference 
in the solution loss between the several kinds of coke used at 
Haselton, assuming, as before, the size of the pieces to be 
uniform. But we look to the study of size and shape of the 
Coke pieces for a better understanding of the relation between 
coke properties and the driving rate of the blast furnace. 


TUMBLING TEST 


The use of the rumbler or tumbling barrel at Haselton 
developed in connection with the combustion test, it being 
thought that the part of the coke sample which would with- 
stand disintegration in the tumbling barrel would most truly 
represent the fuel which reached the furnace tuyeres. Also, 
it was desired to study the relationship between coke hard- 
ness and combustibility. It was not until the test had been 
in operation for several years that we came to realize its 
value as a direct functional test which would help to indi- 
cate the ability of the coke to perform its duties of a 
mechanical nature. 

The apparatus used in the tumbling or rumbler test is a 
steel drum, 36 inches inside diameter and 18 inches in depth; 
two 2” x 2’"x 14” angles with their backs to the direction of 
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rotation are fastened to the inside. of the drum. Our first 
drum was belt-driven from a line shaft, but our present one 
is driven by a motor through a set of gears, the complete 
mechanism being mounted upon a single bed plate. This 
makes a very compact machine which can be moved about 


Fig. 4.—Apparatus used for Tumbling Test and Sample Prepared 
for Tumbling. 

and put in operation at any location where electric current 
is available. As the operation is rather noisy and dusty, it is 
best carried on, as in our case, in the sampler’s house, rather 
than in the chemical laboratory. The motor drive has the 
further advantage of removing any chance of error from 
slippage of the belt (see Fig. 4). ere Bd 

As described under the combustion test, the sample for 
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the tumbler is carefully sized through a 3-inch square mesh 
screen onto a 2-inch screen, and a 10 kilogram portion (22 
pounds) placed in the drum. The drum is rotated for one hour 
at the rate of 23.6 revolutions per minute, which subjects the 
sample to a series of moderately severe impacts and a very 
considerable amount of abrasion. The larger sizes coming 
from the drum are well-rounded in shape. After the coke is 
taken from the drum, the effect of the tumbling upon it is 
measured by passing the samples over a series of Tyler 


Si 


standard square screens from 1 inch to 1/8 inch, expressing 
the amount remaining upon each size in percentage of the 
original 10 kilogram sample. 

Dimensions for our tumbling drum and _ operating 
details for the test were secured by us in January, 1921, from 
J.C. Barrett of the Ohio Works, Carnegie Steel Company. 
Mr. Barrett had based his test on data secured from the paper 
by G. D. Cochrane* before the British Iron and Steel Insti- 


tute in May 1918, but had not adhered strictly to the specifi- 


*Journal, Iron and Steel Institute, 1918, Vol. I, pp. 141-150. 
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cations of the latter, who used 28 pounds of coke, “the size 
of one’s fist,” and used a drum 30 inches in diameter, 18 
inches wide, turning the drum 1000 times at 18 RPM. Tests 
of this nature seem to have been in use for many years but 
the recent revival of interest in them probably dates from 
Cochrane’s paper. Cochrane used the apparatus to give a 
factor of hardness for his blast furnace coke, taking for that 
purpose the per cent. of the sample which remained on the 
1/8 inch screen after the tumbling. Barrett used the amount 
left on the 14 inch screen, which he, also, designated a 
hardness factor. 

For some time after installing our drum we followed the 
practice of Barrett and accepted the hardness factor as 
the best index of coke quality that could be gotten from the 
tumbling test. Results obtained from the widely different 
kinds of coke examined in connection with the combustion 
test indicated, however, that some very soft and friable coke 
would go through the tumbling test with very little breakage 
beyond the 14 inch size, and consequently give a hardness 
factor entirely misleading. One sample of coke tested was of 
such fragile appearance that one might have judged it to be 
made from non-coking coal, yet the hardness factor, using 
the amount on the 14 inch screen, was 65.94. The screen 
analysis showed that the material broke down to the small 
sizes but did not pulverize. How this occurred may be seen 
by comparing the screen analysis after tumbling with that of 
Haselton standard by-product coke. 


Screpn ANALYSIS AFTER TUMBLING 


Size Size | Hardness 
1 inch Me rae ve a Yinch | Factor 


1 Cie crag at 37.19 14.14 6.29 3.97 61.59 
caver Camm eh ae 4.38 8.87 17.73 34.96 65.94 


It was obvious that if any dependable hardness relation 
between these two materials was shown by the tumbling 
test it was not that of the Cochrane factors, 61.59 : 65.94, 
but that of the 1 inch size, 37.19: 4.38. This was an extreme 
case but it called attention to the 1 inch size as an index of 
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quality, and subsequent observations through several years 
have convinced us that the amount of coke remaining above 
1 inch in size after tumbling is not only a much more reliable 
basis of comparison than the 144 inch size, but that this 
factor is a very sensitive index of the ability of the coke to 
perform properly its duty as burden carrier in the blast 
furnace. For this purpose is required a coke of strong, tough 
structure, hard, not to the point of brittleness, but suffi- 
ciently so to resist pulverization by abrasion. Green ends and 
sponge should be at a minimum and shrinkage cracks or 
similar flaws, due to slate particles and the like, not too 
prevalent. In short, the coke pieces should be physically 
stable and for that reason this test might properly be called 
a stability test and the amount on the 1 inch screen after 
tumbling a stability factor. 

We have found the tumbling test particularly useful in 
justifying the use of low-volatile coal in making coke for 
blast furnaces. In the Youngstown District, low-volatile 
coal from the West Virginia fields generally costs about 
$1.00 per ton more than the high-volatile coking coals from 
Pennsylvania. The addition of low-volatile coal to the mix- 
ture adds, therefore, roughly 114 cents per ton to the cost 
of the coke for each 1 per cent. of low-volatile coal used. 
The elimination of low-volatile coal from the coal mixture is 
indisputably a means of cheapening the coke. We have yet 
to see, however, entirely satisfactory coke produced exclu- 
sively from the high-volatile coals of this district in the 
by-product ovens, and furnace practice data have many 
times established the fact that the increased cost of coke due 
to using the desired percentage of low-volatile coal can be 
recovered several times over in reduced costs of pig iron. 
One reason for this lies in the improved physical structure of 
the coke which is very clearly brought out by the tumbling 
barrel test. 

During the year 1924, the Republic No. 3 battery of 
ovens at Youngstown was operated on practically 100 per 
cent. high-volatile coal. Except for its rather small size 
(41.2 per cent. through the 2 inch screen at the coke plant) 
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the coke produced was of fairly good appearance. In the 
tumbling barrel, however, its stability factor was very low, 
ranging from 22.85 to 31.24, a figure of 35.00 being considered 
a minimum for satisfactory results. We first tried to use this 
coke on the Haselton No. 4 Furnace which had then been 
in blast for six years, but after several months trial had to 
give it up, because of the excessive burning of tuyeres which 
followed. In one month, February, the number of tuyeres 
lost was ninety-eight; many of them exploded around the 
coolers and were very hard to pull. Lost time on the furnace 
‘totaled twenty-two hours and thirty-four minutes. 87 per 
cent. of the coke used was from 100 per cent. high-volatile 
coal; stability factor of the coke, 29.29. This extremely bad 
tuyere practice was, of course, partly due to the worn condi- 
tion of the furnace lining. Such trouble, however, has not 
been uncommon at other plants using coke of this nature. 

Haselton No. 3 Furnace was blown in on a new lining in 
February, 1924, and the 100 per cent. high-volatile coke was 
transferred to that furnace. No unusual trouble was experi- 
enced from burning out tuyeres, but in this case the weakness 
of the coke was reflected in flue dust losses. No. 3 Furnace is 
sixteen feet in hearth diameter and when new we think 
should travel at a 500-ton rate, with a dust loss of about 150 
pounds per ton, whereas under such conditions the actual 
losses were almost twice that amount. When the rate of 
driving was reduced to 440 tons per day, the dust practice 
was quite satisfactory. During 1925, from 12 to 15 per cent. 
of low-volatile coal was added to the No. 3 battery coal 
mixture and the coke was used on Haselton No. 5, a nineteen- 
foot hearth furnace, newly relined in 1924, whose normal 
capacity is considered about 600 tons per day. Her yearly 
average in 1925 was well above this rate and the flue dust 
production only 162 pounds per ton for the year, notwith- 
standing the use in the furnace of considerable raw dust. 
The improved quality of the coke during 1925 was consist- 
ently shown by the tumbling test, the stability factor rising 
from below 30.00 to above 35.00. 

The properties which fix the capacity of coke as a burden 
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carrier also determine, for the most part, its ability to with- 
stand the rough treatment it receives before arriving in the 
stack; and the tumbling barrel will reliably predict what 
may be expected of the coke in this respect. We have twice 
confirmed this fact by carefully measuring for periods of a 
week the reduction in size of different grades of coke which 
occurs from the time it leaves the coke works screens until 
it arrives in the furnace skip bucket, and comparing the 
results with those of the tumbling test made on samples of 
the same material properly secured during the same period 
of time. The samples were sized through Tyler standard 
square screens of the following series: 4’’, 2’, 114’, 1” and 
34’, For convenience of comparison the amount of coke 
remaining on the 114”’ screen was termed furnace quality, 
through the 1144” and on the 34” screen domestic quality, 
and through the 34” screen breeze. Data from one such 
experiment is given in Table C. 

The tumbling test has also been a help in pointing out the 
effect upon the coke structure of certain phases of oven 
practice, such as coking time and the extent of pulverization, 
which would have been very hard to accurately measure by 
furnace practice. In the case of our Twin Freeport coal, it 
disclosed the unusual advantage to be gained by extensive 
pulverization. The difference in the effect of pulverization 
upon straight Freeport and Klondike coals, when coked in nar- 
row ovens, is shown by the results of the tumbling test given 
below. This was an experimental run on short coking time. 


ScrREEN ANALYSIS OF COKE AFTER TUMBLING 


On linch| 34inch | inch | 14 inch 


Freeport Coal, Russelton Mine 
Run of mine coal, crushed only in 


Bractora breaker. jn beerinsscnds 20.80 16.00 11.10 8.68 
Same coal pulverized, 75 per cent. 
through the 1/8 inch screen......... 26.40 12.68 8.42 7.89 


Wondike Coal, Bowood Mine 


Ces ae ees crushed only in 

WACIONG Drea KEry «ccs oem abot 22.08 13. 

Same coal pulverized, 75 per cent. oe “pe. oi 
through the 1/8 inch sereen........ 20.50 15.08 10.59 8.33 
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In a similar manner, the tumbling test may be depended 
upon to reflect any pronounced variations which occur in the 
physical structure of the coke, whatever the causes may be, 
and being easily and expeditiously performed itis particularly 
useful in day-by-day application to blast furnace practice. 


Sizine TrEst 


In addition to the physical stability of the coke substance, 
the furnace operator should have a clear understanding of 
the actual size of the coke pieces which make up the body 
of the coke as a whole. Ill effects from soft, too brittle, or 
friable coke are partly due to the fact that, when coke of such 
nature has arrived in the furnace, and particularly in front 
of the tuyeres, the percentage of fines and breeze has risen 
to such an excessive amount that the burden carrying duties 
cannot be properly performed. Unusual destruction of 
tuyeres may be attributed in many cases to the presence of 
excessive amounts of small coke and breeze in the bosh, as 
this condition has been at times revealed by actual observa- 
tion of the stock when changing tuyeres and by the floating 
out of small coke upon the slag at casting time. In the top of 
the furnace, small coke and breeze increase the density of the 
stock column, aggravating dust losses and interfering with 
the uniform distribution of the furnace gases, and in the 
slagging zone, it is a plausible thought perhaps, that pasty 
lime and coke breeze are a combination which might stick 
to the walls or in some other manner interfere more or less 
with the regular movement of the stock. 

On the other hand, very large pieces of coke are also unde- 
sirable for several reasons, the most important of which, 
perhaps, is their effect upon the driving rate of the furnace. 
We believe that the size of the coke pieces is by far the most 
important factor in establishing the relative combustibility 
of the coke charge, using the common application of the 
term combustibility, if the grades under comparison are made 
from about the same coal mixture. A study of the data 
obtained from the combustion test indicates that no note- 
worthy difference in combustibility will be directly caused by 
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any changes which are ordinarily made in the coking practice. 
But, indirectly, the coking practice does have an important 
bearing upon this subject, since the width of ovens, coal 
mixture, coking time, and degree of pulverization, all have 
considerable effect upon the size of the coke pieces. Within 
limitations, the addition of low-volatile coal to the mixture, 
widening the ovens, increasing the duration of coking, 
decreasing the intensity of heating, and pulverizing the coal, 
usually have a pronounced tendency to make the coke larger, 
and vice versa. These effects are generally well understood 
and are merely stated to emphasize the importance of keep- 
ing a constant check upon the size of the coke. 

A daily sizing test has for some years been a routine pro- 
cedure at Republic Iron and Steel Company’s Youngstown 
Coke Plant. Samples are taken at hourly intervals by pass- 
ing a bucket through the stream of coke as it discharges from 
the screens into the car, the bucket being of sufficient area 
and volume to secure a sample representing a complete 
cross-section of the coke stream. The accumulated sample, 
representing the production of a single turn, day or night, 
is quartered down, and the sizing is done through a series of 
Tyler standard square screens of the following dimensions, 
4", 2", 1144"", 1”, 34”. The results are given on the coke 
works report in the percentages which pass through the vari- 
ous screens, as, for example, 90 per cent. through the 4 inch, 
25 per cent. through the 2 inch, and so on. Tabulation of 
average results from the sizing test will be found in several of 
the tables with this paper but it should be noted that an 
accurate comparison between coke size and oven practice 
requires data on screening practice, which it has not been 
feasible to include. Ordinarily the screening is done over 
1/4 inch round holes in the screen plates of the revolving 
screens, but seasonal demands for domestic coke call for 
frequent changes to larger sizes. 

Efforts at Haselton have been chiefly confined to the 
elimination of very large and very small sizes and of fines. 
We ask the coke department to aim for 100 per cent. through 
the 4 inch. With 15 per cent. of low-volatile coal in the mix- 
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Fic. 6.—Coke Sample after Tumbling and Screen Analysis. Typical Republic 
by-product coke, about 37.50 per cent. on the 1” screen, after tumbling. 


ss 


Fig. 7.—Screens used in Sizing Test: 4”, 2”, 114”, 1", 34". Also showing distribu- 
tion of sizes in typical Republic coke as it is loaded into cars at the coke plant. 
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ture, they are able to get about 95 per cent. through the 
4 inch and 30 per cent. through the 2 inch, in other words, 
only about 5 per cent. of our coke is larger than 4 inches and 
‘about 70 per cent. is 2 inches or larger. This seems a satis- 
‘factory size, considering the furnace conditions and the 
stability of the coke. It should be kept in mind that this is 
the size of the coke before leaving the coke plant. If the 
coke were more fragile, we would, no doubt, desire its initial 
‘size to be larger; and if it were stronger, it would probably be 
too large. The oven conditions which result in strong coke, 
for the most part, will also have a tendency to make the coke 
larger, with the result that coke of the best physical structure 
is very often too large for good furnace work. In such cases, 
crushing the coke before screening is the obvious remedy and 
this procedure is carried out at.one plant which gets unusually 
good furnace results. The crushing is done through 2% inch . 
rolls. At Haselton the coke gets fairly rough treatment at 
the screening station, which is of the old revolving perforated 
plate type and within moderate limits we can increase the 
breakage, when desired, by fastening fingers to the sides of 
the screens, and frequently employ this method to decrease 
the size, to very good advantage. 

Just what the proper size for blast furnace coke may be is 
one of the questions most widely discussed and debated by 
coke oven and blast furnace men at this time, and it is very 
probable that there is no one size which is best suited for all 

conditions. It is quite likely that for hard or lumpy ores 
larger and slower burning coke is more desirable than for fine 
and easily reducible ones, and for each of the many combina- 
tions of hard and soft, lumpy and fine ores, which are found 
in our Northern furnace practice, it is not unlikely that 
there is a particular size which is better than any other. A 
comparison of practice between different localities is not 
easily made, for, despite the relative simplicity of the sizing 
test, surprisingly few plants can furnish reliable data on 
the subject. 

The use or usefulness of the so-called domestic quality 
is another division of the size problem that has not been 
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conclusively settled. We have used with fair success as high 
as 22 per cent. through the 114 inch screen, at the furnace 
skip, but our best furnace practice, especially as to tonnage, 
has been done when the amount of this size did not much 
exceed 15 per cent. at the skip, corresponding in our coke to 
about 10 per cent. at the coke plant. It is generally agreed 
that it is desirable to reduce to a minimum any material less 
than 34 inch in size, and at Haselton very thorough screening 
to that end is done both at the coke plant and again as the 
coke passes into the skip. 

Several attempts have been made to improve furnace 
conditions by grading coke into different sizes and charging 
each size separately, on the theory that such a procedure 
would obtain the greatest possible percentage of voids in the 
coke charge. If the coke pieces were essentially spherical in 
shape this scheme might produce the desired results, but 
while some by-product coke is decidedly blocky and may 
approach the spherical after abrasion, that from the narrower 
ovens is occasionally quite fingery, along the order of beehive 
grades. Securing the condition of maximum voids in the 
coke charge could not therefore be obtained by a uniform 
rule for all kinds of coke, even if it were a desideratum, as to 
which, moreover, there is a reasonable doubt. If not filled 
by smaller pieces of coke, the voids between large lumps of 
stock will be occupied by other materials, still finer and 
denser, so that it might even be argued on the other side 
that the pieces of coke should be varied in size in order to 
distribute the effect of the most porous material throughout 
the charge. The subject is interesting and might profitably 
be investigated in considerable detail but we believe no 
surprising results have yet been obtained from systematic 
grading as to size. 

Changes in size have a decided bearing upon the weight 
per cubic foot and when, as in our practice, the coke is 
measured by skip load, upon the charge weight of the coke. 
Accurate monthly or semi-monthly determinations of the 
charge weight, by calculation from the railroad car weights 
of the coke consumed, are necessary to keeping track of the 
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Fig. 8.—Sampling Device at Coke Plant Screening Station. 
1. Bucket passing through the coke stream. 
2. Showing the method of swinging the bucket. 
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burden ratios and at the same time this information indi- 
cates, in a way, the compactness of the coke charge. 

We have not been entirely satisfied with our methods for 
measuring the size of the coke pieces and have recently 
added the 3 inch screen to the series in an attempt to secure 
a screen analysis which will be more sensitive to changes in 
both size and shape of the coke. Along the same line should 
be investigated the relative merits of square and round hole 
screens. The importance of the subject justifies the defini- 
tion of size in the clearest possible manner. 


CHEMICAL ANALYSIS 


At all blast furnace plants chemical analysis is regularly 
employed as a means of coke testing and at Haselton the 
methods are the standard ones in general use. We now 
consider it only one part of the coke testing procedure, but 
a very important part, and pains are taken to get reliable 
chemical data. 

The coke is sampled at the coke works by passing a 
bucket. of 30 pounds capacity through the stream of coke 
flowing from the screens into the car. About 15 pounds is 
secured at each pass of the bucket. A series of these samples 
are taken during ten hours of each twelve-hour period and 
the combined amount called the day or night sample. The 
large sample is used for the sizing test and is then crushed 
through a 34 inch screen and a 100 pound portion selected 
by quartering down, for the moisture determination. The 
drying is done in an electrically heated drier in which is 
maintained a constant temperature of 105° C. In addition 
to moisture, each day or night sample is analysed for volatile 
matter, ash, sulphur and phosphorus, and the results for- 
warded promptly to the blast furnace office. Complete 
chemical analysis is made at the end of each month from a 
composite of the daily samples, and is a good average of the 
month’s production. 

Reliable and complete chemical information about the 
coke is, of course, indispensable to the proper calculation of 
furnace burdens and throughout each month we use for that 
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purpose the previous month’s average determinations. The 
proximate analyses are of use chiefly as checks upon daily 
variations in the more important chemical properties of the 
coke. Of these the ash, perhaps, is the most important with 
respect to its effect upon the furnace, because the swings in 
ash content are often sufficiently large to seriously change the 
fuel value of the coke. Uniformly low-ash coke is a real 
boon to the furnaceman but unfortunately nothing in the 
category of coke testing helps much to obtain the low-ash 
coal, which is the only effective means to such an accomplish- 
ment. Carefulness in mining and shipping and in handling 
and mixing the coal at the ovens, however, greatly assist in 
preventing wide fluctuations of ash in the coke and the daily 
ash report is an indication of the practice in this respect. 
High ash, when present as slate particles, has a pronounced 
effect upon the physical structure of the coke, which may be 
partly offset by thoroughly pulverizing the coal, but the 
result of efforts along this line are not brought out by chem- 
cal analysis. 

In a similar way, the daily sulphur determinations are 
enlightening but, whatever they may be, there is very little 
the furnaceman can do except to urge uniformity in the 
practice of coal handling. Variations in the sulphur content 
of the coke must be provided for by carrying an excess of 
lime or slag volume or by a reserve of heat in the stoves, all 
of which stands in the nature of an insurance policy, the 
greater the fluctuation in sulphur, the higher the cost of pro- 
tection. Fortunately, the amount of sulphur which gets into 
the pig iron depends, also, upon other properties of the coke 
which are within the ability of the blast furnace and coke 
oven operators to regulate, and sulphur while highly unde- 
sirable is not quite so much of a bugbear once the physical 
properties of the coke are made such, that a smooth and 
uniform operation of the furnace is possible. 

The amount of phosphorus in coke is important when the 
blast furnace product is to be bessemer or low-phosphorus 
pig iron. With low-phosphorus coke, the pig iron may be ° 
cheapened by ores of non-bessemer grade or other high- 
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phosphorus materials. At Haselton, by diverting the higher- 
phosphorus coke to the basic furnaces we are able to keep 
the bessemer steel at the lower phosphorus content which is 
being preferred in that material. In the purchase of coke, or 
of coal for coking, the careful determination of phosphorus is 
very essential. The source of fuel once being established 
daily determinations would not be required unless it becomes 
necessary to grade it with respect to phosphorus, and this 
ordinarily may be done by keeping the coals separate. 
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Fic. 9.—Moisture in By-product Coke as determined by sampling through the 
car at the coke plant and by top sampling at the furnaces. Also the relation 
between moisture in coke, seasonal conditions, and rain or snow. 


Testing for moisture in coke, since the advent of the by- 
product oven, is a daily requisite as a matter of accounting. 
It is general practice to allow the oven superintendent to add 
214 per cent. of water in the quenching process. This is a 
fair allowance, but everything over that amount is or should 
be deducted from the weight of coke charged to the blast 
furnaces. For the year 1924, the credit to our blast furnaces 
in this respect was 2.29 per cent. or to make its importance 
more readily apparent, 45.8 pounds for each ton of coke. In 
determining coke moisture, therefore, it is justifiable to use 
the best of equipment and a reliable workman. The temper- 
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ature of the drying ovens should be maintained consistently 
at a minimum of 100° C. For this purpose the use of steam 
for heating is unreliable unless positive circulation is pro- 
vided for. The drying oven should be heated electrically 
and, if possible, equipped with an automatic regulating 
device. The duty of making the moisture analysis usually 
falls to the stock sampler, adding another to the numerous 
reasons for having a reliable and conscientious workman for 
that position. The sample for moisture, in particular, should 
be taken through the car, rather than by top sampling. Our 
records indicate that during the winter and spring months 
the amount of quenching water retained by the coke is 
higher than in the summer and fall, and that while the cars 
are en route to the furnaces the top part of the coke gets 
perceptibly drier. The effect of rainfall or snowfall might be 
expected to counteract this, but such does not appear to be 
the case. We have no positive evidence that a reasonable 
amount of moisture in the coke is detrimental to furnace 
practice, having had equally good results within a range of 
from 1 to 5 per cent. The system of charging by volume 
prevents any variation in the fuel value per skip from mois- 
ture changes whatever they may be. 

In the presentation of these notes we have hoped to add 
something to the excellent work being done along the same or 
similar lines by other blast furnace and coke oven operators, 
and by the United States Bureau of Mines, to whom we 
acknowledge our indebtedness for such of their materials as 
we may have incorporated with our own. Interest in the 
subject of coke testing seems to be growing rapidly and our 
testimony would be that it has a useful and valuable part 
to play in the improvement of blast furnace practice and the 
daily routine of furnace operation. 


THE CHarrman (Mr. FE. A. S, Clarke): We will have a 
discussion of Mr. Haven’s paper by Mr. M. D. Curran, 
Vice-President, St. Louis Coke and Iron Corporation, St. 
Louis, Missouri. 
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Discussion By M. D. Curran 
Vice-President, St. Louis Coke and Iron Corporation, St. Louis, Mo. 


We are willing to venture a guess that each and every 
man here, who is directly connected with the operation of 
blast furnaces or with producing coke for furnace use, has 
some method of evaluating his coke. The vital part played 
by coke in the manufacture of steel is of sufficient importance 


_to cause us to lend our efforts towards developing some unit 


or units of measurement by which coke may be evaluated. 

If we will pause for a moment and consider the under- 
lying reasoning used in developing the many units of meas- 
urement, with which we are familiar, we will see that we 
have a great deal of latitude in the development of any con- 
ventional scale. I am not going to take time to give you a lot 
of definitions which you already know, but if you will ques- 
tion yourselves as to the development of units of weight, 
such as the pound and the gram, units of temperature meas- 
urement, the degree centigrade and the degree fahrenheit, 
units of heating value, the B.T.U., and the calorie and so on, 
you will get our meaning. All of these units we use in our 
everyday life without considering that at some time some 
generation of people were confronted with a similar problem 
as the one we are working on and discussing today. 

Even though the most of us have rather limited leeway 
in the selection of our coals, on account of location or prox- 
imity to certain coal fields, we all know that often there is a 
distinct difference in the coke qualities between two coals 
coming from the same seam at points two or three miles 
apart. We also realize that the treatment given the coal at 
the ovens has a great deal to do with the coke quality, so that 
there is need of some method of evaluating coke in order to 
control the production of a uniform product for, after all, 
we know that our furnaces need more than anything else, a 
uniform quality of coke, whether it may be classed as good, 
bad, or indifferent. 

Mr. Haven’s paper should be very interesting to all of us, 
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and it is particularly interesting to me on account of the 
several methods of measurement which he has investigated 
and reported. The results of his study, which are so clearly 
tabulated, indicate that he has received sufficient help from 
these tests to be well paid for the time and effort given to 
them and I am sure we all may profit, if we will take advan- 
tage of his experience. 

I presume that most of us who have been working on this 
subject have used the same or similar methods. The combus- 
tion test is the one to which a lot of time has been given and, 
although the results obtained have usually had a certain 
significance to the fellow who was making the test, we have so 
far been unable to learn of anyone succeeding in using it for 
control. Our experience, although conducted with different 
apparatus, gave about the same results. We were unable to 
connect it up with the furnace practice. 

For several years we. made the sizing test and even ran 
the coke through a roll crusher in order to maintain a uni- 
form size. Later, we learned that we could get as good or 
better practice by changing the coal mixture and heating so 
as to produce a coke with higher fuel value, even though we 
charged the furnaces with run-of-oven coke which had passed 
over a 114” screen. This coke was in all probability, by the 
time it went into the furnace, about the same size as that 
obtained from our former practice. So we started on the 
development of a physical test similar to the drum test which 
Mr. Haven is using. After some little time, we believed we 
were getting only a measure of the resistance to abrasion 
which, although it cleared the atmosphere to some extent, 
did not seem to give as complete a check on furnace practice 
as we thought possible. 

We therefore approached the problem of developing a 
means of measuring coke for furnace use with the idea of 
establishing a conventional scale which would indicate in a 
numerical way the values of the various properties which we 
consider to govern the fuel value or combustibility of the 


coke. These qualities have been named strength, hardness, 
and brittleness. 
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We may define strength as denoting a measure of the 
physical power of resistance of coke to abrasive and impact 
stresses. In like manner, we would define hardness as denoting 
a measure of the coke to resist abrasion, and brittleness as a 
measure of the ability of coke to resist impact. 

It is our belief that these physical properties may be 
revealed when a sample of coke is subjected to impact and 
abrasive treatment, if the fragments are removed before 
they in turn are disintegrated. In other words, we believe 
that the size of the fragments obtained from a conventional 
treatment will indicate, in a relative way, the character of 
the coke if the fragment is freed before it is broken down by 
abrasion. In order to accomplish the removal of the frag- 
ments we have built a revolving cylinder with a perforated 
shell so that the fragments can fall out as they are produced. 
This cylinder is six feet in diameter and has lifting shelves 
radially attached to the inside, so that the coke is lifted as 
the cylinder revolves and allowed to drop upon coke. A 
conventional weight of sample of two hundred pounds is 
used and subjected to one hundred revolutions of the drum, 
which revolves at the rate of about ten RPM. We believe 
the most difficult task in connection with any method of 
testing lies in procuring a representative sample and so we 
take our sample from the wharf and quarter it down to get 
a 200-pound sample for the test. 

After the sample has had this treatment, the small pieces 
which have fallen through the cylinder as well as the larger 
pieces remaining within the cylinder are weighed and screened 
over a small trommel screen which separates them into five 
sizes, namely, 14 inch and under; 4 inch to 1 inch; from 
1 inch to 11% inches; from 1% inches to 2 inches and over 2 
inches. Each size is weighed and the weight in pounds of the 
various sizes is used in an empirical formula, which has been 
developed for each one of the properties—strength, hardness, 
and brittleness. 

The percentages of the various sizes produced, may mean 
much or little, depending upon how they are interpolated. 
Our study has resulted in the development of certain relation- 
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ships which have been expressed in empirical formule to 
give a numerical value for each of the properties in question. 
In addition to this physical test, we make a specific gravity 
test on a 100-pound sample of the same coke, determining 
the weight of the coke in pounds per cubic foot. 


FoRMULZ 
weight of sample ’ ’ 
weight of portion remaining in cylinder 
weight of portion passing through cylinder 
on 2’ 4) 2X 114\ wR {i x * 
CR XigxU +t t\Vpxt 

_ through 1” X D 
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UAH 
tu 


a 
Hardness = 1.00 — throuel 2 


pet wn 
Brittleness = D ous v2 


strength x brittleness 
hardness weight 


Full value = 


These four properties are determined in a sample of coke 
taken each day and the test is made by an ordinary laborer. 

During the past five years our study has covered various 
coals from the coal fields of Pennsylvania, West Virginia, 
East Kentucky, West Kentucky, Illinois and Indiana. The 
results obtained from this test have been of material help 
in selecting coals, and the control test has given us a check 
on the coke oven as well as blast furnace operation. In oper- 
ating a merchant plant, where it is necessary to continually 
change the furnace from one grade of iron to another, the 
control test has permitted the making of more rapid changes. 

The most interesting data, so far collected on any coal 
seam, has been in connection with our study of the Pocahon- 
tas No. 3 seam in West Virginia. Briefly, we found that coal 
coming from the neighborhood of Welch was twice as effec- 
tive in producing strength in coke as coal coming from the 
vicinity of the town of Pocahontas. Samples coming from 
intermediate points indicated the existence of a eradient 
between these two points on this seam. In checking up the 
geology of the seam, we found a difference in elevation of 
about 1800 feet between these two points, which as I remem- 
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ber are about fifteen miles apart. Our test and furnace prac- 
tice proved that the coal showed marked improvement for 
our purpose at points where the seam was below ground 
water level. We mention this case because we have found 
this coal to give wider variations in coke quality than any 
other, so far as our experience goes, even though it has been 
used in amounts not to exceed 20 per cent. of the mixture. 
To those of us who use essentially a high-volatile mixture and 
have to pay more for Pocahontas coal, a considerable saving 
can be made by selective buying of this grade. 

Up to this time, all tests of this nature, with which we are 
familiar, have been of benefit only to the man who was using 
them. Our method has, without question, enabled us to have 
a better understanding of changes which would not ordina- 
rily be detected except in the results at the furnace. It has 
been our object to develop this conventional scale which 
could be understood by various men at both ends of the 
plant in order that a more uniform appreciation of the value 
of the coke from time to time could be had by all. 

Although we are not prepared to recommend that this 
test, or any other which has been developed up to the present 
time, should be generally adopted, it is hoped that through 
some means or another, a conventional scale of measurement, 
which can be used by all of us, will result from the efforts we 
are making now in our study of this problem. 


Tue CuarrMan (Mr. E. A. S. Clarke): There will be a 
further discussion by Mr. J. C. Barrett, Carnegie Steel Com- 
pany, Youngstown, Ohio. 


Discussion BY J. C. BARRETT 


Carnegie Steel Company, Youngstown, Ohio 


The preparation of raw materials for the operating of a 
blast furnace is very necessary for best results, including the 
preparation of ore, coke, stone and even gas. The blast 
furnace man has been at a disadvantage and has had many 
struggles in the past to get the best and most economical 


206 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


operation at the majority of blast furnace plants, but there 
has been a gradual evolution from the old crude methods to 
the more efficient and scientific methods of operating by the 
use of well prepared material. Much effort has been put 
forth to produce iron ore of chemical and physical condition 
that gives great benefits to the iron and steel industry. 

In the manufacture of good metallurgical coke, a great 
deal has been done in the last twenty years to produce the 
right quality of coke that will give good practice in the blast 
furnace. However, much improvement has been made by 
“cut and try”? methods and experience in the way of mixing 
of coal, pulverizing or crushing to size, crushing and sizing 
of coke, etc. The blast furnace man and coke operator are 
seeking intently for any test or tests that will give definite 
data on the best coke to produce the best furnace practice. 
This is evidenced by the large number of tests now used. Each 
one gives some information. 

The following is a list of the tests now used: 

1. Chemical test, showing ash, sulphur, phosphorus and 
volatile matter. 

2. Sieve or sizing test, showing the percentage of coke on 
a 1-inch, 2-inch, 3-inch, or 4-inch screen. 

3. Shatter test, showing the percentage on screen after 
being dropped a certain distance and a certain number 
of times. 

4. Shatter bag test, similar to above except it is done in 
a bag. 

5. Porosity test, showing the porous condition of the coke. 

6. Combustion test, showing how rapidly it will burn in a 
limited time. 

7. Abrasion or tumbling test, showing how the coke, when 
sized, is broken and worn down, when tumbled for a certain 
number of revolutions. 

8. Moisture test. 

9. Specific gravity determination. 

To these might be added the tests the coke oven man 
will make: 

The selection of coal. 
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The pulverizing and grinding of the coal to a certain 
fineness. 

The coking temperature. 

The hours of coking. 

The quenching. 

Some of these tests on the coke are no doubt more valuable 
and reveal better information than others. 

Mr. Haven has described what I am inclined to consider 
two of the best tests of blast furnace coke other than the 
chemical test, the combustion and the tumbling barrel or 

‘abrasion test. The combustion test would, in a way, include 
the porosity test. The tumbling barrel would reveal much 
that the bag shatter, shatter and sieve tests would give. 

At the May meeting of this Institute in 1924, Mr. Walther 
Mathesius presented a very excellent paper on uniform 
coking coal. In his paper, he demonstrated that methods and 
tests must be established that are necessary to avoid irregu- 
larities in the coke and thus the corresponding irregularities 
in the blast furnace. 

To confirm the useful information of the tumbling or 
abrasion test, I will present a series of tests which was carried 
on in 1925. 

These tests cover a number of blast furnaces. The kinds 
of coke used were Clairton By-Product (100 per cent. high- 
volatile), Cleveland (80 per cent. high-volatile and 20 per cent. 
low-volatile), Lorain (80 per cent. high-volatile and 20 per 
cent. low-volatile) and Frick beehive coke from several 
plants. The sieve and shatter test were also used. 


TUMBLING TEST, CLAIRTON BY-PRODUCT, 1925 


Screen Feb. and | April April 

March -1-8 8-30 we. 
Chil ee a aa 39.69 41.28 45.43 
Wor an ee teh. 21.04 20.65 19.22 
De rg eee 3.50 3.24 2.78 
Petwera tome setae 30.7 i 35.46 32.56 
Hardness factor...| 64.29 64.54 67.44 
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TUMBLING TEST, CLEVELAND BY-PRODUCT, 1925 


Screen Feb. and April May June July | August 


March 
On 1". UES Mee 8 58.49 58.38 60.30 59.18 62.30 59.70 
AE Aine ee 9.06 9.34 9.23 9.39 8.60 10.19 
VAM. Beals eee eS 1.38 20 1.19 75 1.35 1:12 
Ponta h oer 30.48 30.81 29.26 29.47 27.74 28.98 


Hardness factor... 69.52 69.19 70.74 70.53 72.26 71.02 


TUMBLING TEST, FRICK BEEHIVE, 1925 


Screen March April May | June July |August 
Omi inet ss ets 52.94 53.20 §2.82 53.96 55.16 §1.31 
PN ts 5 Ae rene 10.43 10.04 11.52 11.09 9.33 11.16 
dit Ree iste asa Leo 1.58 2.01 2.00 1.55 1.88 
LED Ney shh tate oe eee 34.61 35.18 33.64 32.95 33.96 35.64 
Hardness factor...) 65.39 64.82 66.36 67.05 66.04 64.36 


TUMBLING TEST, LORAIN BY-PRODUCT, 1925 


Screen July 

On Lt are apart oro oie atari 62.78 
aN bday ae eahee ters et ee 8.23 
DN eee ecw ate et ee eee 1.38 
Pane eck sae atiee eae ek ee 27.57 
PIRPIneSsfaetor, aio; ome ctio kee 72.43 


SHATTER TEST, MARCH, 1925 


Clairton Cleveland Lorain Frick 

One Pec trate. 52.25 63.75 DSO Pe tes one 

AU COU gD) 2 ory ater | 47.75 36.25 D200 la aeons 

April 

Ona Rane eee 55.97 62.827 - i) fe eee 66.03 

fEhYoughy 2: aces 44.03 BV alse cgea ie o see 33.97 
e August 

HN 2S Rea seer el Om ee ae Ox Gia eee 60.82 

Throughi2<s.. tae) ahem ee | Be Oo <a mld aces | 39.18 
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SCREEN TEST 


April 

Clairton Cleveland Frick 

oa eee aes Bee 28.30 58.06 
August 

Mhrowe 0000) i | BY a6. 


These tabulated tests show a big difference in the various 
cokes in the amount on the 1-inch, 14-inch, 14-inch screen 
and pan. The 100 per cent. high-volatile coke broke up most. 
The Frick and Clairton coke produce the largest percentage 
on the pan (dust). The hardness factor is the percentage 
above the 14-inch. In former days, the beehive coke was 
preferable, but today, it is the by-product coke. 

You will note in the table of results that the by-product 
coke from Lorain and Cleveland are much the same, especi- 
ally on the same months comparison. 

A very interesting change took place while testing the 
Clairton coke. The months of February and March showed‘ 
very little change in the daily samples, but, after April 8th, 
the coke showed quite a difference on the sieve after tumbling. 
Upon investigating, it was found that the coking temperature 
had been raised. This made a harder coke and removed some 
of the dust from the pan and placed it with the coke on 
the 1-inch size. 

This improved condition of the coke is still continued at 
the Clairton coke plant. This change has altered the furnace 
practice very markedly. So much so that the practice with 
this coke is equal to that of any coke in the Corporation made 
with a mixture of low- and high-volatile coal and based on 
comparison of tonnage made on similar stone and ore mixture. 

The tumbling test showed what had been done and enables 
the furnace man to understand the change. 

While these tests are helpful, there is some discrepancy 
between the methods by which they are conducted at differ- 
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ent places. They should be standardized as to apparatus, 
collection of samples, size of sample, size of coke to be used 
in sample, etc., so that where comparison is made, we could 
understand each other definitely. 


Tur CuarrMan (Mr. E. A. S. Clarke): I would like to 
say that I am very much impressed with the two papers 
which have been read this afternoon as showing the work ° 
that is being done in the steel industry to constantly improve 
and to meet the conditions exacted by the buyers and users 
of steel. The testimony is that the specifications for steel are 
becoming more exacting, while what we used to call common 
steel is almost disappearing. Every order is a specialty. The 
open-hearth man says he can make it, but he has got to have 
certain conditions of one kind or another. He says that unless 
he gets good pig iron he cannot make good steel. And the 
pig iron man says he cannot make good pig iron unless he 
gets good coke, iron ore and other conditions right. It is 
very interesting to see the evidence from these papers of the 
efforts that are being made to secure all of those things in a 
definite way. I think it is a great testimony to what the 
operating men of the industry are doing. 

Our next paper is “Reinforced Concrete,” by Mr. A. E. 
Lindau, President, American System of Reinforcing, Chi- 
cago, Illinois. 


REINFORCED CONCRETE 
A. E. Linpavu 


President, American System of Reinforcing, Chicago, III. 


In all the years that have elapsed since the building of 
structures was first attempted, only five kinds of building 
materials have come into general use. Stone, clay products, 
‘such as brick and tile, and timber have been used since the 
dawn of history. Steel and concrete are decidedly modern 
inventions, especially the combination of steel and concrete, 
that we term reinforced concrete. 

While concrete was known to the Romans and used by 
them in many important structures, the character of their 
cement was fundamentally different from that in use today. 
However, favorable climatic conditions have enabled many 
Roman concrete structures to survive the ravages of time, 
and have given them an enviable reputation for durability. 
The skill of the Romans was lost to the world when the Roman 
Empire fell apart and not until the Eighteenth Century 
was any progress made in the rediscovery of cement making. 

Last year was celebrated the one-hundredth anniversary 
of the introduction of Portland cement by Joseph Aspdin, 
a bricklayer of Leeds, England. Without knowledge of 
chemistry or engineering he discovered by experimentation 
in a crude way the underlying principles governing the 
making of our present product. Others improved upon his 
methods and in a few years the manufacture of the new 
material spread to the Continent of Europe and finally in 
1872, or about fifty years after its invention, Portland cement 
was manufactured in this country. Cement was invented by 
Joseph Aspdin to produce an artificial stone and that 
remained the main use of cement—a superior hydraulic 
mortar or binding material—until it occurred to an ingenious 
Frenchman to supply its lack of tensile strength by intro- 
ducing steel reinforcement. 


212 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


REINFORCED CONCRETE 


If cement is termed the magic of concrete, then we may 
say that steel reinforcement is the backbone of concrete. 
Before the invention of reinforcement, the use of concrete, 
while considerable in volume, was limited to the field of stone 
or masonry construction. It was unable to advance materi- 
ally beyond the methods and practices in use for thousands 
of years. Theintroduction of steelin concrete enabled it to rise 
from its lowly and commonplace position on the ground and 
rear its head proudly to the magnificent heights attained by 
some of the greatest structures our civilization has produced. 

It would perhaps be extravagant to say that the con- 
crete industry owes its development to the steel industry; 
but it seems fair to state that without the steel industry, 
concrete would in the main be restricted to the uses already 
known to the Romans two thousand years ago. It is, of 
course, true that there is a wide field—and one that is 
rapidly developing—of concrete products and architectural 
ornamentation and decoration in which steel reinforcement 
plays little or no part. But in the main the concrete struc- 
tures with which we are familiar today are the structures 
that have been made possible by the introduction of steel 
in the concrete. 

The credit for introducing reinforced concrete is generally 
given to Joseph Monier, a French gardner, although he was 
really antedated a few years by Lambot, who built a rein- 
forced concrete boat in 1850 which was exhibited at the 
Paris Exposition in 1885. At about this same time, Coignet 
introduced his system of reinforced concrete and applied it 
to the construction of beams, arches, pipes, ete. 

To the French, then, we are indebted for the practical 
introduction of reinforced concrete, and from France it 
spread to other parts of Europe, so that prior to 1900 the 
bulk of reinforced construction was erected on the continent 
of Europe. We can in a broad way date its beginning about 
sixty to seventy years ago. In the United States, reinforced 
concrete structures began to appear about fifty years ago. 
The first wholly reinforced concrete building, of which we 
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have record, is the W. E. Ward house in New York City 
built in 1875; and a few years later, E. L. Ransome built 
a number of reinforced concrete structures, mainly on the 
Pacific Coast. These early structures are of considerable 
historical interest and served to blaze the trail for the pioneer 
period that followed shortly afterwards. 

For all practical purposes it is sufficiently accurate to 
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Fic. 1.—Production of Portland Cement in the United States. 


say that the beginning of the present century ushered in the 
era of reinforced concrete construction in our country. In 
passing it may be of interest to note that of the early struc- 
tures frequently referred to as illustrating the introduction of 
reinforced concrete in America, the cement storage tanks 
built at South Chicago stand out as an interesting and bold 
adventure in the new field of building. If we attempt to 
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measure the growth of the industry, especially in the United 
States, the beginning of the century is perhaps the most 
satisfactory period to reckon from. 


VALUE OF REINFORCED CONCRETE STRUCTURES 


Unfortunately there is little exact data on which to base 
an estimate of the volume or value of the work built in the 
early days. The graphic chart (Fig. 1) of Portland cement 
production gives an accurate measure of one element in the 
cost of reinforced concrete structures. From this chart we 
see that the cement production has risen from 815 million 
barrels per year in 1900 to 187 million barrels in 1923, an 
increase of 1600 per cent. 

If we apply the average cost per barrel, we obtain the 
following table of total cost of cement per year since 1870; 
and the total sum expended for cement alone in twenty-five 
years totals the huge sum of $2,125,000,000. 


ToraL VALUE OF PoRTLAND CEMENT PRODUCED IN THE Unrrep Stares* 


TSTOAIOI A a Sarda ei rie cnn Ss ens eee $562,240,000 
AO IS ohh Seiic eats En ote ern nietal ye oretets onians 92,558,000 
191A Rup he ah sk kis Sto oan a ee $7,790,000 
1916 ois cnt eae toes aa ee nee 73,887,000 
TOIG ce 62 re kwik see es ait rages area cert 101,000,000 
TOUTS Bee nk os oe hes te ee ee 125,670,000 
TOUS. cd sw iSk asic ema Sica pene Mie 113,730,000 
1O1O Aa ah x ae Sea Se ee ene eros 146,131,000 
TORO ccs SOG ic kb hd eee ees 194,500,000 
TOBE oe See ars ie Saw 56 5 oe ee 180,778,000 
GAS FOE) Aeon «enone at I eS 207,171,000 
OOS s .o.6 Aisa wh oe Melee ie Ree ene ree 257,685,000 


The amount of steel used for reinforcement can only be 
approximately estimated, especially in the early years. Prior 
to 1905, plain bars were used almost exclusively. Although 
the twisted bar was patented by E. L. Ransome in 1884 and 
used by him and many other engineers, still the average 
practice inclined to the use of plain bars. These were fre- 
quently purchased from the general stock of merchant bars 
of some conveniently located warehouse. Even when ordered 
from the mill, no record could be kept of the use to which 
they were put. For this reason we are much in the dark as 


* Data from United States Geological Survey. 
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to quantity of steel bar reinforcement consumed, until the 
more general adoption of specially formed bars now referred 
to as deformed bars. 

From the sales records of the firms specializing in rein- 
forcing products, data has. been secured to supply approxi- 
mate tonnage records from 1900 to 1909, which amounts to 
680,000 tons approximately, since which time the records of 
the American Iron and Steel Institute are available. 


PRODUCTION OF CONCRETE Bars. 
1909 - 1924 
GROSS TONS. 


Taken from the 
Annual Statistical Report of the 
American Iron & Stee! Institute. 


Thousands of Gross Tons. 


Fic. 2.—Production of Concrete Reinforcing Bars in the United States. 


In Fig. 2 we have a graphic record of reinforcing bar 
tonnage. If we multiply each year’s tonnage by the mill 
price for that -year and add about $2.00 per ton for size 
extra, we shall have the annual value on a Pittsburgh base 
and, totaling the annual figures, we find that a total value of 
$360,000,000 f.o.b. cars, Pittsburgh, has been shipped as rein- 
forcing bar steel, involving a total tonnage of 7,200,000 tons. 

The peak production of air-cooled blast furnace slag for 
all purposes totals 8,000,000 tons per year, of which 40 
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per cent. is consumed by concrete and reinforced concrete 
structures. At an average price of $1.50 per ton thisamounted 
to $4,800,000 per year. Data are not available, however, 
whereby even an estimate can be made of the total quantity 
used since 1900. 
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Fia. 3.—Distribution of Steel Reinforcement to Various Classes of Reinforced 
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If we attempt to obtain a total value of the reinforced 
concrete structures built, we find that in the absence of 
adequate statistics on the subject we can approximate the 
results by analyzing the steel required for various types of 
structures. We find, for example, that an office building will 
require reinforcing steel to the extent of about 5 per cent. of 
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its cost. In a school building as low as 2 or 3 per cent. and on 
the other hand, in a concrete bridge 10 per cent. of the total 
cost may be the amount of the reinforcement. By getting 
an average for the various classes of structures (see Fig. 3), 
and applying the distribution of tonnage to these classes, a 
general average can be obtained. By applying this to each 
year, we find approximately that the total estimated value 
of reinforced concrete construction other than road con- 
struction in the last twenty-five years was $5,000,000,000. 


APPROXIMATE DISTRIBUTION oF CEMENT PRODUCTION TO 
VARIOUS CLASSES OF STRUCTURES 


Per cent 

Public and commercial buildings. -.......... ...... 26.0 
EIOUEE ee eee a cee e Seek Me, cer eae aes 8.5 
Dicewalks, amc cdrrvesaqn) sos ca vee eecine ies, eet eos Deo 
Rate LOW ANG ATINGAISG s,s. oe ee ee ee 18.0 
Wonerele pipes ss ede od Sapa eae ee 4.5 
Pavements and highways: 1.0.02 fe... ce ce en deen 27.5 
Wy Sete tere Se eS came he oe entre herr eee Er 5.5 
Bridges, harbor works, dams, water power........... 3.0 
INFisee MAME OUS. acne 0 halos Bot eeeas pmo eee 1.5 

PEO ae Sere ae ee Ge Pe ic ee ee ee 100.0 


CLASSIFICATION OF STRUCTURES 


While the field of concrete structure in which structural 
steel reigns supreme is gradually narrowing, still there is 
quite a wide range beyond the reach of reinforced concrete. 
No doubt the boundary lines of the field of structural steel 
will shift from time to time. But so far as we can see at the 
present time, structural steel will be used for long span bridge 
construction, buildings over eighteen to twenty stories in 
height, long-span roof construction, 7.e., spans over seventy 
to seventy-five feet, roofs for auditoriums, train sheds, 
hangars, etc. Certain types of buildings, such as theaters, 
club houses, and hotels, where it is required to carry the 
building over large areas, as, for example, ball rooms, dining 
rooms, swimming pools, etc., the limitation in the design of 
reinforced concrete structures makes it desirable for engi- 
neering reasons to use structural steel. 

The advantage of reinforced concrete over structural 
steel is almost entirely a matter of economy. No claim is 
made for superiority in fireproofness, permanence or mainte- 
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nance. In fact the skeleton frame of the structural steel 
building is now quite generally covered or enclosed in con- 
crete to such an extent that there is almost as much concrete 
in a steel frame building as in one of reinforced concrete. In 
fact the principal objection to a concrete building of great 
height is that the column sizes are apt to be too large for 
architectural purposes. If a thoroughly good solution to 
column design for heavy loads could be obtained, higher 
concrete buildings would be built. 

The advantage in cost depends upon the character of the 
building. For heavy warehouses, especially where flat slab 
construction is employed, the saving may be as much as 10 
or 12 per cent. In other types the saving may be very much 
less, but in general the limitation is one of engineering design 
rather than cost. 

The advantage of concrete over wood construction is 
principally in its fireproof qualities. Concrete also makes a 
more homogenous structure, better able to take up vibra- 
tions and wind loads than the usual type of mill construction. 
For long spans and heavy loads concrete also offers a better 
solution. In the matter of éost, the so-called slow-burning 
construction frequently is found to be somewhat cheaper, 
but not enough cheaper, as a rule, to balance the other 
advantages of concrete. : 

Indeed the textile mills in New England and the South, 
that at one time were exclusively mill construction, are now 
as generally built of concrete. 

Rolling mill buildings, foundries, large train sheds and 
aeroplane hangars constitute a class that is dominated by 
structural steel. Occasionally concrete invades this field, 
especially in Europe where bold and unusual designs are 
more common than here, but there is so far little response to 
these adventures in American practice. 


SYSTEMS OF REINFORCING DESIGN 


Every industry appropriates for its own use certain 
words that in time grow into special significance. The 
reinforced concrete industry is no exception to this rule. 
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Such words as System, deformed bars, stirrups, hoops, flat 
slab, tin-pan construction, etc., constitute trade lingo. Of 
these, the word ‘‘System” has now grown hoary with age 
and has almost passed out of use. In the early days, when 
all reinforced concrete work was done by a few specialists 
who surrounded their work with some mystery and secrecy, 
all concrete construction was done in accordance with some 
“system’”’ of reinforcement or design. Each specialist devel- 
oped methods that in the light of his experience would be 


_ best or cheapest, consequently we find that all the early 


workers were identified with some “‘system” or other. The 
“Systems” began in Europe, with Monier, the father of 
reinforced concrete, whose system of reinforcement con- 
sisted principally of wire netting of rectangular mesh or 
small rods placed at right angles to each other and wired 
together. This system is extensively employed today in the 
reinforcement of floor slabs and more particularly in roads, 
where various types of wire mesh and electrically welded 
fabric are extensively employed. 

A whole host of other systems followed, of historical 
value mainly, such as Koenen, Chaudy, Coignet, DeVallier, 
Pavin, de La Farge, Matrai, Cottacin and Hennebique. 
The latter system assumes importance in that Hennebique 
practically introduced the methods of reinforcement at 
present in general use. He introduced the stirrups and bent- 
up bar for beam and girder reinforcement, and put hooks or 
other anchorage at the ends of bars to prevent slipping. He 
surrounded himself with capable engineers and construction 
men, and organized a large number of subsidiary companies 
in many parts of Europe, as well as in this country. As an 
indication of the wide extent of Hennebique’s operations, 
it may be of interest to note that in the ten year period from 
1894 to 1904 he and his agents are credited with having 
built 400 reinforced concrete bridges, to say nothing of the 
numerous other types of structures. This, before reinforced 
concrete was really introduced in the United States. 
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CLASSIFICATION OF REINFORCEMENT 


Steel reinforcement has passed through a period of 
intense development in this country, largely due to com- 
mercial rivalry of firms specializing in the sale and distribu- 
tion of reinforcing materials. It must be admitted that the 
industry owes much to the energy and intelligent ageressive- 
ness of these firms in developing the use of concrete for all 
manner of structures. Competition has been a big factor in 
producing a multiplicity of forms of remforcement, many of 
them adapted to special uses or conditions, all of them 
aiming at increased efficiency in function and decrease in 


cost of construction. 
In general, reinforcement may be classified as follows: 


Bar reinforcement: Sheet products: 
Deformed bars, 12 types (1) Expanded metal 
Plain bars: (2) Metal lath 
(a) New billet (3) Ribbed lath 
(b) Re-rolled : 
tata bineat Accessories: 
Cold! (a) Metal forms: 
(a) Te i (1) Column moulds 
; (b) Ho (2) Metal floor forms 
Wire products: (3) Wall forms 
Spirals (b) Metal sash 
Fabric: (c) Spacers, anchors, ete. 


(1) Woven wire 
(2) Electric weld 


Annual consumption at present time of following products:* 


Spirals. feo tvendt ules a. en ae ee nee 35,000 tons 
Wire Tabrie tke. asa e hilt reo aa eee 100,000 tons 
Motel lath. sists nctetenisrie nes ck eit tee 75,000 tons 
Metal floorforms: 2 vhxn tua ies Serer 15,000 tons 
Bar, spacers, and supports. ................ 2,000 tons 


Bar REINFORCEMENT 


In point of general usefulness and volume of tonnage 
steel rods or bars varying in size from 3/8” to 114” easily 
dominate the whole group of reinforcing materials. In this 
material, the practice of using special sections, now called 
deformed bars, is the outstanding difference between the 
practice in this country and the rest of the world. The 
deformed bar is an American invention, initiated in 1884 by 
I. L. Ransome, when he patented his cold twisted bar, and 


* These quantities have been estimated from the best data available. 
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since that time modified by a whole group of designers, so 
that the bars are formed in the finishing pass with a definite 
pattern of projections on the surface of the bar. The sole 
object of specially forming the bar is to provide a surface that 
offers greater resistance to the sliding or slipping of the bar 
in the concrete than is provided by plain or smooth bars. 
For many years the relative merits of plain and deformed 
bars formed the subject of much discussion and controversy 
in the industry. The whole theory of reinforced concrete is 
based on the assumption that the two materials act integrally, 


’ that is, that there is no slipping of the reinforcement. Until 


the invention of deformed bars, it was common doctrine 
that a plain bar imbedded in the concrete a certain number 
of diameters of the bar could not be pulled out without 
breaking the bar. By a number of extensive tests, this has 
been found to be optimistic to say the least. Indeed, the 
early European designers took precaution against slipping 
by providing hooks or other forms of anchorage at the ends 
of the bars in order to guard against this very thing. 

What a simple idea it seems to us now. Anybody might 
have thought of it. The ‘“‘Achilles Heel”’ of concrete or 
mortar is its tensional value. It has an abundance of strength 
in compression. But having that alone limited its use to the 
field of stone work. By supplying tensile strength, concrete 
became a complete structural material suitable to span an 
opening as well as to act as a pier or column. A simple idea, 
yes; great ideas and truths are generally simple. But on this 
simple idea, which introduced the spark of life to concrete, 
has been built the great industry of reinforced concrete 
construction. 

Fig. 4 shows in diagram form the results of hundreds of 
tests on the bond between steel and concrete and illus- 
trates clearly the difference between a plain and deformed 
bar. It is to be noted that when a plain bar has slipped as 
much as 1/100 inch its maximum bond value is reached and 
from that point slipping continues at a lower bond value. 
The deformed bar on the other hand has a higher bond value 
at a slip of 1/100 inch and continues to increase in value as 
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Fig. 4.—Results of Tests on Plain and Corrugated Reinforcing Bars. 
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the load is increased. This advantage in bond value of 
deformed bars is recognized by standard specifications to the 
extent of allowing an increase of 25 per cent. in the unit bond 
stress for deformed bars as against plain bars. 


DestrRuUCTIVE AGENTS 


It is a matter of some speculation as to the life of a 
concrete structure or the extent to which it may withstand 
the elements, and in general live up to its reputation for 
permanence. The Pantheon at Rome is an example of 


- what is possible in this respect. Quoting from Robinson and 


Breasted’s History of Europe: ‘‘The domed roof of Hadrian’s 
Pantheon is a single enormous concrete cast, over a hundred 
and forty feet across. The Romans, therefore, eighteen 
hundred years ago, were employing concrete on a scale 
which we have only recently learned to imitate, and after all 
this lapse of time the roof of the Pantheon seems to be as 
safe and stanch as it was when Hadrian’s architects first 
knocked away the posts which supported the wooden forms 
for this great cast.” 

It must, of course, be admitted that the weather condi- 
tions in Rome are somewhat more favorable for concrete . 
than in our Northern latitudes, but in all these centuries 
this structure has withstood wide ranges of temperature and 
numerous earthquake shocks of varying intensity. Unfor- 
tunately many concrete structures built in recent years 
indicate that they are not at all likely to last as long as the 
Pantheon. In most cases definite causes can be assigned to 
such deterioration as may have taken place. Along the 
North Atlantic coast, piers, walls, piles and other marine 
structures show in some instances deterioration, especially 
in the region between high and low water tide levels. In the 
alkali regions of the west there are also to be found cases of 
disintegration of the concrete. 

But in some cases under the above conditions and in 
most all other situations, the principal cause of spalling and 
cracking can be traced to the use of too much water in the 
mixing of the concrete. This matter has been given the closest 
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scrutiny in recent years; in general, where all the facts could 
be ascertained, poorly made concrete was at the bottom of 
the difficulty. 

Fortunately concrete is in itself an excellent protection 
against corrosion, and except where the steel has been placed 
too near the surface of a structure exposed to the air or under 
peculiarly trying conditions, there is little danger of rust 
forming on the steel. In fact, in the extensive investigation 
of structures for deterioration, the percentage due to cor- 
rosion has been found to be small indeed. Here again it is 
a matter of workmanship with respect to the making of the 
concrete and the placing of the steel definitely the required 
distance away from the surface of the structures. 

Of all the elements or forces of nature tending to destroy 
structures, the earthquake is the most severe and difficult 
to cope with. The severe earthquake in Japan and the dis- 
turbances on the Pacific Coast have brought the matter 
prominently before us. The evidence so far points to the 
conclusion that reinforced concrete, quite as well as struc- 
tural steel, will answer the purpose if the design and work- 
manship are sound and honest. The Committee of Engineers 
who reported on the San Francisco earthquake in 1906 have 
the following to say on reinforced concrete structures: 
“Only a few instances of this type exist. The old portion of 
the Stanford University Museum, a complete structure, was 
uninjured except for a few cracks. The connecting brick 
portion was badly shattered. Roble Hall, a three story and 
attic structure was uninjured except where a brick chimney 
fell, breaking the roof and floors. The substation at Red- 
wood City was injured and part had to be rebuilt. This 
structure was built on marshy ground near the bay and was 
exposed to the worst of the shock. A warehouse in San 
Francisco, in course of construction with two stories up, 
had its brick walls shattered, but the reinforced frame was 
uninjured except by fall of the walls. The floors of the 
Academy of Sciences building were uninjured by the shock; 
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the same is true of the complete reinforced concrete building, 
three stories high, in Alameda. The factory buildings and 
residences before mentioned were uninjured. 

“These constitute the only examples of this type known to 
the writer but all point to the superiority of this method of 
construction.”’ 

With regard to the Tokyo earthquake, the following sum- 
mary may be given: 

The performance of reinforced concrete under the test of 
earthquake and fire can only be classed as highly satisfac- 
tory. A survey of reinforced concrete construction in Tokyo 
Prefecture conducted by the Tokyo Building Department, 
under the direction of Mr. Y. Nagata, Chief Engineer, resulted 
in the following findings: 


Entirely | Partially | Greatly Partially Un- Total 
collapsed | collapsed | damaged damaged | damaged 


Number of 


buildings... 8 11 42 69 462 592 
Percentage of 
Rotel: 1c-6r 3 1.9 (Es ub 78.0 100.0 


Regarding the terms “Entirely collapsed” and ‘Partially 
collapsed” there can be no uncertainty. ‘Greatly damaged” 
was illustrated by two buildings: The Hoshi Drug Building 
and the Industrial Club of Japan. ‘Partially damaged”’ 
means without severe damage to structural frame, although 
the walls may be shattered. Nagata gave me as examples of 
this classification the following structural steel framed 
buildings; Tokyo Kaijo N. Y. K., Maranouchi, and Yuraku. 
“Undamaged” includes cases of minor cracking of walls, 
but no damage to structural frame. The Sumitomo Ware- 
house illustrates this classification. As stated, this survey 
includes damage by fire. Warehouses classed as partially 
collapsed would shift to the undamaged classification were 
the earthquake alone considered, and there are several other 
buildings which would be similarly changed. 

Elsewhere in Tokyo Prefecture the results obtained were 
as follows, this damage being solely by earthquake: 
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Entirely | Partially | Greatly | Partially Un- | 
collapsed | collapsed | damaged | damaged | damaged Tota 


Mai oF of 


buildings . : 8 9 7 5 89 118 
Percentage o 
STotaLe. wae 6.8 7.6 5.9 4.2 15-5 100.0 
SUMMARY 


The foregoing gives a fair outline of the development of the 
concrete industry and its relations to the steel industry. We have 
seen how the reinforced concrete industry in twenty-five years has 
grown from insignificance to its present dimensions of about 1144 
billions of dollars per year. We have seen the demand for rein- 
forcing bars develop from a few thousand tons at the beginning of 
the century to nearly 700,000 tons last year. We have seen another 
200,000 tons per annum develop in wire fabric and sheet products. 
We have seen slag, a by-product of the steel industry, absorbed by 
concrete construction to the extent of $5,000,000 per year. These 
are the figures for the present. What about the future? What may 
be expected ten years from now, or twenty? The rate of growth in 
reinforced concrete has been so rapid that it is quite improbable it 
can continue at the same rate even for another ten years. Should 
it do so, the annual demand for bars will then exceed 1,000,000 
tons, an increase of 50 per cent., and similarly for the other products, 
which means that the reinforced concrete industry in 1935 will 
consume approximately 1,500,000 net tons of bars, wire and sheet 
products. This, in round numbers and cold type, is what concrete 
means to the steel makers. It is not all clear gain, for concrete 
replaces a considerable volume of what would be structural steel 
construction, but on the other hand, it replaces and supersedes a 
great quantity of less permanent construction so that on the whole, 
there is considerable gain. 

But mere tonnage figures do not represent all the gain. The 
consumption of steel is in direct proportion to growth in civilization. 
The building of permanent durable highways speeds up trade and 
stimulates industries. In the building of good roads reinforced 
concrete plays an important part and thus in an indirect manner 
aids in the development of the steel industry. The two industries 
are inseparably connected and each aids the other. This is the 
broader meaning of concrete to the steel maker. 


THe CHarrman (Mr. E. A. 8. Clarke): Mr. John F. 
Havemeyer, President of the Concrete Steel Company, New 
York, has written a discussion which will be read by Mr. Edge 
of that company. 
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Discussion By Joun F. HAVEMEYER 
Chairman, Concrete Steel Company, New York, N. Y. 


The paper presented by Mr. Lindau gives a very interest- 
ing history of the conception and development of reinforced 
concrete construction and calls to the attention of the steel 
industry the rapid development in the use of steel reinforcing 
as a necessary part of reinforced concrete structures. 

During the past fifteen years factory construction, com- 
‘“‘slow-burning”’ or ‘‘mill”’ construction, 
using brick walls and heavy timber floors and protected by 
automatic sprinklers, has been almost entirely eliminated. 
Solid monolithic, reinforced concrete structures, absolutely 
fireproof, have been substituted. These buildings require a 
heavy tonnage of reinforcing bars, whereas the old type of 
building used comparatively little steel. 

Turning for a moment to the development of steel rein- 
forcement, about fifteen or twenty years ago the majority of 
buildings, as stated by Mr. Lindau, were erected according to 
some particular system, and some of these systems required 
special sections and special areas. These areas were not in 
accordance with areas found in merchant bars. It was neces- 
sary, therefore, in making a bid on one of these special 
systems, to design the building from cellar to roof according 
to the areas used by that system. This involved not only a 
very heavy engineering expense, but required the manu- 
facturer to charge a very much higher price per pound for 
his reinforcing than could be secured by using standard 
merchant bar areas. 

As the industry developed and reinforced concrete struc- 
tures became more numerous, engineers adopted standard 
merchant bar sizes, and gradually these special areas were 
eliminated. 

During the period of the late war, it was found by actual 
survey that over thirty different sizes and areas of concrete 
bars were being used throughout the country, these sizes 
varying by one sixteenth and one thirty-second of an inch. 
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The committee on reinforcing steel, under the direction of the 
War Industries Board, after very careful study, reduced these 
sizes to ten. Since the war, this practice has been continued, 
and last year the Department of Commerce, through their 
Division of Simplified Practice, put their stamp of approval 
on these same ten sizes, adding only the 14-inch round. 
By standardizing on these eleven sizes, the steel mills are 
able to fill concrete bar orders, using fewer rolls and rolling 
a larger tonnage of each size. This means quite a saving in 
the cost of manufacture and better service to the buyer. 

Another interesting development is the standardization of 
specifications. Formerly, engineers wrote specifications for 
concrete bars, embodying both physical and chemical proper- 
ties, with the result that special heats were required in filling 
most orders. Today there are only three standard grades of 
steel in use, and there is a movement under way to still fur- 
ther limit the number of grades to one. This matter is also 
being handled by the Department of Commerce, and a meet- 
ing will be held in Washington next fall to further discuss 
the question. 

One of the great problems which confront the steel manu- 
facturer who wants to make reinforcing bars, is how to meet 
the demands of the trade. On the one hand, the steel manu- 
facturer wants a fairly good tonnage of each size before he is 
willing to go to the expense of changing rolls; while on the 
other hand, the contractor demands that his reinforcing 
steel be delivered to him as his work progresses, starting with 
the foundations, basement walls, and ending with the steel 
for the roof. He requires a variety of sizes and lengths for 
each floor and most of his requirements do not agree in any 
respect with the requirements of the mills. This has become 
more pronounced in recent years since the introduction of 
high speed continuous mills. It is therefore necessary, in 
order to give the steel mills satisfactory rollings and at the 
same time give the contractor satisfactory deliveries, to 
carry large quantities of concrete bars in stock throughout 
the country. This is being done largely by the concrete bar 
companies, some operating locally and some nationally. 
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These bar companies are able to meet the requirements of the 
steel mills so as to give an economical operation and also 
meet the requirements of the contractor by making deliveries 
from their warehouses. It is safe to say that a large part of 
the reinforcing steel being used is bent in the shops, and is 
shipped to the job properly tagged and ready to place in the 
forms. This is in direct contrast to the old-fashioned method 
of bending on the job, using hand-bending machines. These 
reinforcing bar companies are today a necessary adjunct to 
the steel mills. 

One of the most modern uses for reinforcing steel is in 
the building of roads. Ten or fifteen years ago, few people 
realized they would ride over roads in which steel bars were 
used in the construction. The early concrete roads used no 
reinforcement, and in the northern climates their life was not 
very long. A light wire fabric reinforcement was then intro- 
duced which somewhat prolonged the life of the road, but 
was far from satisfactory and the maintenance cost was very 
excessive. Today, in most of the northern states, concrete 
roads are specially designed to meet traffic conditions and 
also the nature of the subsoil. In some cases, where traffic 
is not extremely heavy, wire mesh is used extensively, while 
on roads carrying heavy traffic, steel reinforcing bars are 
called for. The tonnage requirements for a mile of concrete 
road vary from thirty to sixty tons, depending upon the type 
of road and traffic conditions. Multiply this by the thou- 
sands of miles of concrete roads being built annually m the 
United States and it can be seen that a very heavy tonnage is 
being diverted to road construction. It is generally believed 
that with the future increase in road transportation and the 
constant increase in road construction, the demand for 
reinforcing bars for this purpose will become very heavy. 

Referring again to the quality of steel, engineers differ 
more or less on this point. There are two grades in most 
general use, namely, structural grade with an ultimate ten- 
sile strength of 55,000 to 70,000 pounds to the square inch; 
and intermediate grade with an ultimate tensile strength of 
70,000 to 85,000 pounds to the square inch. In the Middle 
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West there is a considerable demand for hard grade, with a 
minimum ultimate tensile strength of 80,000 pounds. This 
grade, however, has almost entirely disappeared in eastern 
states. In selecting the grade of steel required, engineers are 
influenced somewhat by the stresses used. Where a stress 
of 18,000 pounds or more is used, the intermediate or hard 
grade is usually called for. We find there is an increasing 
tendency among engineers to require laboratory tests before 
accepting any steel bars, and if the test does not come up to 
specifications, the bars are rejected. 

All reinforcing bars manufactured in this country might 
be classed as coming from one of three different types of 
mills: (1) steel bars made and rolled by the larger mills 
using continuous mills and mills which make their own steel; 
(2) rail steel mills which use old rails as a billet, and which 
usually employ hand-mill operation; (3) re-rolling mills 
which purchase billets in the open market. The greater part 
of the tonnage is made by the larger mills. 

While the quality of the steel is a very important factor, 
the compressive strength of the concrete is equally important. 
In the early days of reinforced concrete construction, the 
concrete was by far the more unreliable of the two materials. 
Now, however, the quality of the concrete is much more 
closely controlled, and the factor of safety of this material 
conforms much more closely with laboratory standards as it 
is now being constructed in the field. In the past, a large 
factor of safety in the steel was made necessary on account 
of the uncertainty of the compressive strength of the con- 
crete which was used with it. Modern methods of mixing 
and placing concrete have very largely overcome this former 
defect. One of the latest developments is the proper main- 
tenance of the correct water and cement ratio. It has been 
found, by actual test, that this has a most important bearing 
on the compressive strength of the concrete. This matter has 
been almost entirely neglected in the past, the amount of 
water being usually determined by the contractor. It seems 
only fair in view of these developments that a higher working 
stress in the steel reinforcement used in concrete structures 
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should be permitted. While the building code committee 
appointed by Secretary Hoover has recommended 18,000 
pounds, many cities still adhere to 16,000 pounds. By using 
concrete properly proportioned and properly mixed, in con- 
nection with steel bars manufactured from high grade mate- 
rial, a stress of 20,000 or 22,000 pounds is absolutely safe and 
would be justified on ordinary types of construction. 

One of the unique advantages of reinforced concrete con- 
struction today is the availability of materials. Steel and 
cement are carried in stock all over the country and sand and 
gravel are usually obtainable from nearby sources. Accord- 
ingly, construction work can start on very short notice. 

The tendency today among reinforced concrete engineers 
is towards refinement and economy. More attention is being 
paid to the quality of materials entering into the construction. 
The engineer is also anxious to make sure that the reinforce- 
ment will remain in proper place while the concrete is being 
poured. The movement of a bar a few inches from its proper 
position may weaken the strength of the structure to a 
considerable extent. The use of various mechanical devices 
for spacing and holding bars has become almost universal. 
These devices are manufactured from steel products, such 
as bands and hoops, wire and sheets, and it is estimated 
there is a tonnage of between 3,000 and 4,000 tons used annu- 
ally for this purpose, although exact figures are not available. 

Comparing briefly the concrete bar industry today with 
that existing fifteen years ago, the following shows the most 
vital changes: 

1. Standardization of sizes, reducing the number of sizes 
of concrete bars from over thirty to eleven. 

2. General adoption of three standard grades of new billet 
steel and also the adoption of a standard specification for 
bars rolled from old rails. 

3. Growth of concrete bar warehouses and stocks all over 
the country, many of these warehouses being especially 
built for this purpose. | 

4. The almost universal adoption of shop bending and 
shop fabricating of reinforcing bars, which assures to the 
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engineer accurate work and saves a large amount of unneces- 
sary field labor. 

5. Adoption of metallic devices for securing and accu- 
rately holding the reinforcement in place while concrete is 
being poured, thus giving greater strength to the structure. 

6. The formation last year of the Concrete Reinforcing 
Steel Institute, whose members handle over 70 per cent. of 
the reinforcement used in the United States. 

7. Increase in the use of steel forms, made usually from 
sheets. These forms can be rapidly and economically erected 
and removed. 

It is my belief that in the future new uses will be found 
for reinforced concrete construction which are undreamed of 
today and with the proper coéperation between the steel 
mills and the industry, the tonnage required should equal, if 
not exceed during the next five or ten years, the figures men- 
tioned by Mr. Lindau. 


Tuer CHatrMaNn (Mr. E. A.8. Clarke): A further discussion 
of Mr. Lindau’s paper was prepared by Mr. O. W. Irwin, 
Manager of Reinforcing Steel Sales, Truscon Steel Company, 
Youngstown, Ohio, but Mr. Irwin has been prevented from 
being here and has sent me the discussion which I will read. 


Discussion By O. W. Irwin 


Manager Reinforcing Steel Sales, Truscon Steel Company, Youngstown, Ohio 


Mr. Lindau has so thoroughly covered the subject. of 
reinforced concrete from a historical and statistical view- 
point that discussion can naturally take the direction of 
amplification only. 

Among the many interesting phases of reinforced con- 
crete touched upon by Mr. Lindau is that of earthquake 
resistance. In September and October of 1923, the engineer- 
ing attention of the world was pretty generally focused upon 
Japan, and a number of reports and recommendations arose 
out of the experiences of those first few days in September of 
that year. Among other reports which were not made public 
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at the time, was one made by Mr. Daniel O. Larsen, architect 
in charge of the design and construction of the new Kajima 
Bank Building at Osoka, for W. M. Vories and Company. 
His inspection and study covered about thirty modern 
buildings in Tokyo and Yokohama, including some that were 
totally destroyed by the earthquake, some that were de- 
stroyed by fire only, a few that were more or less damaged by 
the earthquake, and some whose interiors were burnt out but 
whose structure remained sound. The following paragraphs 


_are taken from Mr. Larsen’s report, dated September 29, 
1923, as illustrating conclusions reached from this study. 


_“ Foundations: The continuous slab reinforced concrete foundations stood 
the effects of the earthquake in almost every case, whereas buildings with 
individual spread footings went to pieces. This was well illustrated in such 
buildings as the Kogyo Bank Building, the Imperial Hotel, Mitsubishi Building 
No. 27, several of the Marunouchi Buildings, and many others which show 
practically no damage. 

“Of course other factors enter into the stability of these buildings, but 
the foundations are the most important. 

“Curtain Walls: Reinforced concrete or solid brick curtain walls are 
necessary up to at least the sixth floor. We found no buildings, even with 
hollow tile curtain walls, having any damage above this point. The Kogyo 
Bank, which shows no damage, has a reinforced concrete wall up to the third 
floor and all corners have reinforced concrete curtain walls; all other walls 
are solid brick. 

“The Okawa and Tanaka Building, which shows no damage, has solid 
brick curtain walls. . 

“Inside Partitions: It was found that most of the buildings which stood 
the earthquake the best, had several solid partitions running through the 
building. These partitions were either of reinforced concrete or brick. 

“T+ was further discovered in the buildings that stood the test, that the 
upper floors had very light partitions and very light curtain walls. 

“The ceiling heights of each story should be as low as possible. 

“Floor Construction: Concrete floor tile construction stood the fire test 
much better than the solid concrete slabs. This was well illustrated in com- 
paring the Kajima Bank (Tokyo Branch) with the National Y. M. C. A., 
neither of which was damaged by the earthquake, but were completely burned 
out by the fire. Both buildings had wood partitions, wood doors and trim, and 
the office equipment more or less the same. In the Kajima Bank, the concrete 
in the solid slab was seriously damaged by the fire, both on the first and second 
floor, and some places on the third floor, and large sections of this will have to 
be reconstructed; whereas in the N ational Y. M. C. A. building, the floor tile 
on every floor is in perfect condition. Another good example of this is the 
Yokohama Y. M. C. A. The only reason for this is the air space between the 
floor tile, which makes a perfect insulation against the heat. 
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“Columns: The steel columns encased in brick or hollow tile did not 
stand up. This was well illustrated in the N. Y. K. building, the Tokyo Kaikan» 
and the Urakukwan building. In these buildings, the brick work and hollow 
tile completely broke away from the steel and in some places the steel was 
seriously damaged. 

“Steel columns encased in concrete stood up very well, as was illustrated 
in the Kogyo Bank and the First Mutual Life Insurance Company building. 
The latter building was partly burned but structurally it is in very good shape. 

“Reinforced concrete columns stood up well where the concrete was well 
mixed and the ingredients were clean. This was illustrated in the Mitsubishi 
Building No. 27, the National Y. M. C. A. building, the Yokohama Y. M. C.A., 
and Tokyo City Y. M. C. A. Gymnasium. In the last mentioned building there 
were five reinforced concrete trusses supported on columns twenty-six feet 
high, and although this building was completely burned out, no damage was 
caused to the structure by earthquake or fire. These trusses had a span of 
over sixty feet. 

“ Exterior Finish: It was very noticeable that the exterior finish cracked 
in proportion to the strength of the structure. Taking two buildings, for ex- 
ample, the Nippon Sekan and the Kogyo Bank, both of which had granite 
finish on the first three floors and imported terra cotta on the upper floors, were 
effected differently by the earthquake. The first building, which had steel 
columns encased with brick and hollow tile, was seriously damaged by having 
both the stone and terra cotta crack very badly throughout the building. The 
Kogyo Bank, which had steel columns encased in concrete, and perhaps had a 
better foundation, does not show any crack in either stone or terra cotta. 

“In the various buildings that were burned, the stone, whether granite, 
marble, or limestone, was badly cracked and chipped by the heat. On the 
other hand, where hard burnt tile or terra cotta was used, very little damage 
was done.”’ 


A similar study of the Japanese earthquake and fire was 
made by R. F. Moss, Vice-President of the Truscon Steel 
Company of Japan, and forwarded to his home office on 
October 2, 1923. The following extract is of interest in show- 
ing his judgment as to the part which reinforced concrete can 
play in strengthening a building against the combined verti- 
cal and horizontal motions of an earthquake. 


“In the case of steel frame buildings, my observations lead me to believe 
that, for the purpose of resisting horizontal shocks, the design of the steel 
columns is of secondary importance and that, regardless of whether the steel 
columns are strong or weak, practically the whole of the work of resisting the 
horizontal shock (that is, of moving the upper portion of the building when 
the foundation moves) must necessarily be done by the masonry walls and not 
by the steel columns. The following reasoning supports these observations:— 
steel columns, no matter how strong, always have a certain amount of elas- 
ticity, and when a (vertical) column is suddenly called upon to resist a violent 
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horizontal movement, it must necessarily deflect more or less, the amount of 
the deflection depending on the stiffness of the column. Now, no matter how 
small this deflection is (if there is any deflection at all) the work of resisting 
the shock, that is, of moving the upper portion of the building, must necessarily 
be at once taken up by the masonry walls, because the masonry walls are in 
intimate contact with the steel columns on all sides and are always, necessarily, 
stiffer than the columns. Once more observation supports theory. The Nippon 
Oil Company and the Nippon Yusen Kaisha buildings have columns as strong 
as any I have ever seen, having been specially designed to resist earthquakes, 
but the walls of these buildings suffered more damage than did the walls of the 
Tokyo Marine Insurance Company building, the Marunouchi Building and 
others in the same vicinity which were designed and detailed in a much lighter 
manner. The extent of the damage seems to depend entirely on the strength 


- of the walls and not on the design of the structural steel. 


‘Observation on the behavior of different kinds of wall material seems to 
show that well laid stone suffered very little; witness the Mitsubishi Bank, the 
Industrial Bank and the first floor of the Marunouchi and Nippon Oil Company 
buildings. The behavior of brick walls seems to depend entirely on the work- 
manship and quality of the brick and mortar and it is significant that old 
brickwork stood much better than new, showing that the quality of workman- 
ship has deteriorated in recent years. In Yokohama, practically every brick 
structure came down and large numbers of people were killed as they collapsed. 
In Tokyo, where the shock was less severe, brick buildings generally stood, if 
of first class workmanship. Terra cotta suffered severely as did hollow tile in 
partitions. Reinforced concrete walls, where well executed, came through with 
practically no damage, as witnessed by the fact that in Yokohama, of all the 
buildings that now remain standing, at least 75 per cent. are of reinforced 
concrete. 

“In my opinion, architects should design walls to secure the maximum of 
strength with the minimum of weight, always bearing in mind that every pound 
of weight must be moved by the strength of the structure with every earth- 
quake shock. Reinforced concrete seems to be the material best adapted to this 
exacting condition, whether used in wall bearing or skeleton construction, but 
it must be properly designed and honestly executed.” 


Mr. Lindau has touched lightly on the contrast between 
European and American methods of building concrete struc- 
tures. It seems to the writer that the whole situation can be 
summed up in a simple contrast between the field methods 
prevailing in Europe and those in the United States. A Euro- 
pean contractor takes great care in making his concrete, 
mixes it with less water and exercises more supervision in the 
location of the necessary reinforcing steel. In contrast with 
the American method of sloppy mixture, which makes for fast 
work, the European is able to use less material and thereby 
obtains thinner structures to carry the same sort of loads. 
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This additional care in field work has made possible many 
domes and arches on the continent of Europe with consider- 
able less crown thickness and general use of concrete material 
than would be considered advisable by American designers. 
The tendency in America, at the present time, is toward more 
careful field work, which will result in the conservation of 
cement and aggregate as well as in the quantity of reinforcing 
steel needed to carry a given load. 

It seems appropriate that some of the problems which 
have been overcome in the past and some of the problems 
confronting the reinforcing industry at the present time be 
briefly considered. Mr. Lindau has mentioned the transition 
from the numerous ‘‘systems”’ of the early days in contrast 
with the more standardized general practice of today. In 
the early days of this transition, the ordinary engineering 
designer expressed his individuality in reinforced concrete by 
specifying all sorts of grades of steel and all kinds of sizes of 
bars. Originally, perhaps the majority of the tonnage was in 
the square twisted bar, but soon after the advent of the 
deformed bar, sizes were varied by one-sixteenth of an inch 
in both the square and the round shapes. Any jobber doing 
an appreciable business was required to have from twenty- 
five to thirty-five stock piles in order to accommodate these 
varying sizes. 

Under the stress of war time all of the sixteenths were 
eliminated; sizes were made to vary by eighths of an inch 
only, and a number of the square sizes were abandoned. In 
peace time, this simplification has been carried even further 
under the guidance of Secretary Hoover to a point where 
Simplified Practice Bulletin No. 26 limits all ordinary rein- 
forcing bars to ten standard sizes. This recommendation has 
been adopted by practically the entire industry, there being 
only one or two users of any consequence who have not fallen 
into line. 

This simplification in sizes has resulted in more economi- 
cal rolling on the part of the rolling mills, has tied up very 
much less money in the jobbers’ stock piles and makes for 
more extensive competition, in that each jobber can now 
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quote on every building operation without fear that he is 
going to run into some peculiar size of deformed bar which 
he does not carry in stock. 

A similar problem, with regard to grade of steel, has existed 
for years. Fifteen years ago, every reinforced concrete expert 
had his own idea about what the yield point and ultimate 
strength of a reinforcing bar should be. Gradually the con- 
fusion resulted in two broad general differences of opinion. 
The so-called high carbon exponents believed that a bar of 
high ultimate strength should be used in order to get a greater 
_ factor of safety in the finished structure. They reasoned that 
concrete increases in strength with age while steel maintains 
constant strength. After the passage of a few years, con- 
crete which was only good for 600 pounds per square inch 
compression at twenty-eight days, becomes equal to the emer- 
gency of carrying 1,000 to 1,200 pounds per square inch. 
With a high carbon, high ultimate strength steel, buildings 
which were designed for light loads as soon as finished, could 
very safely be loaded to a much higher point at a later date. 

The low carbon advocate, on the other hand, argued that 
high carbon bars were subject to breakage under shock. They 
also had the practical problem of cold bending with which to 
deal, and of course the low carbon bar could much more safely 
be bent in the field to accommodate the reinforced concrete 
design than could a high carbon bar. 

During the World War, these conflicting opinions were 
brought together and a compromise specification agreed upon 
which is known as the intermediate grade. The high carbon 
folks agreed to be satisfied with a little less ultimate strength 
and the low carbon friends agreed to try to cold bend a bar 
having harder qualities than the structural grade. 

Since the war, the high carbon and the low carbon advo- 
cates have, to some extent, forgotten the emergencies of war 
time with the result that today the jobber is required to carry 
complete stocks in three erades of steel. An effort is being 
made at the present time, through the Department of Com- 
merce, to get all of these different notions on grades of steel 
back to some one common basis, which, perhaps, may take 
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the line of a modified intermediate grade specification. A 
decision as to the physical and chemical properties of a single 
erade of reinforcing bars must of necessity be determined by 
what the rolling mills can do, as contrasted with what the 
designing engineers of the country desire. It would make for 
ereat economy on the part of the distributor if he need only 
carry ten sizes in one grade of steel in contrast with present 
day requirements of ten sizes in each of three grades of steel. 
This problem will doubtless come before you in the form of a 
questionnaire from the Department of Commerce and it seems 
to the writer that the questionnaire and the effort to make 
reinforcing bars more economical should receive careful 
consideration. 

Some consulting and designing engineers seem to have 
obtained the impression that reinforcing bars are largely 
rolled from ‘‘off heats”? and that any steel which cannot be 
used in sheets, plates or structural shapes is liable to turn up 
somewhere as a reinforcing bar. This fear has given rise to a 
system of inspection or testing; and unfortunately for the 
present method of operating in the contracting industry, 
most reinforcing bars are delivered to the construction work 
from a jobber’s stock instead of being especially rolled and 
tested for each individual building operation. One of the 
problems of the reinforcing bar industry is to get more uni- 
formity in methods of testing. The writer has just come 
through the experience of having adjacent samples taken 
from fourteen bars on which the mill tests showed a minimum 
ultimate strength of 80,000 pounds per square inch. One set 
of these samples was submitted to one testing laboratory and 
another set to a rival testing laboratory. One testing labora- 
tory reported all fourteen samples as having pulled in con- 
formity with the original test. The other testing laboratory 
reported six samples as having ultimate strengths below 80,000 
pounds per square inch and on the strength of these six 
samples rejected several cars of bars. One of the problems in 
the industry, therefore, is that of obtaining more uniformity 
in the matter of determining the areas of test samples and 
more uniformity in the speed of the testing machine while 
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the sample is being pulled. Of course, there will always be 
variation due to the segregation of the elements in the steel, 
and variation in the heat treatment in the bar which is bound 
to cause slight differences in samples taken from different 
bars of the same heat of steel. 

Along with the trend in the United States to exercise 
greater care in the field making and forming of concrete, there 
is arising a growing tendency toward higher unit stresses in 
the structural design. In the early days of reinforced con- 
crete, for instance, 14,000 pounds per square inch working 


_ stress in the steel and 500 pounds per square inch compression 


in extreme fiber of the concrete were the ordinary units. 
Today, 18,000 pounds and even 20,000 pounds per square 
inch are quite ordinarily used in the steel and many authori- 
ties allow from 700 to 800 pounds per square inch compres- 
sion in the concrete. There are fewer failures at the present 
day with these increased unit stresses than existed in the old 
days with the lower unit stresses. It is the writer’s belief that 
as improvements continue to come in the matter of propor- 
tioning the aggregate, the cement and the water in making 
concrete, present day allowances for stresses can be materi- 
ally increased, thereby making reinforced concrete building 
relatively much more economical than at present. 

To summarize, the reinforced concrete industry is no 
longer in its infancy. The trend is toward more accurate field 
methods which results in conservation of materials and con- 
sequent reduction in cost to the builder. The problem of 
variety in size has been solved, but there still remain to be 
overcome the problem of uniformity in testing reinforcing 
bars and the problem of economically producing and mar- 
keting a less number of grades of steel than exist at the 


present time. 


Tur Cuarrman (Mr. E. A. S. Clarke): We will stand 
adjourned until the banquet at seven o’clock this evening. 


EVENING SESSION 


The evening session of the Institute was held in the Grand 
Ballroom of the Commodore. After dinner, President Gary 
called the meeting to order. 

JupGEe Gary: Ladies and gentlemen, a toast is a toast 
whatever you may use to make it, with anything you can 
grasp, whether it is water, or tea, or coffee, or, what I hope is 
impossible (laughter), something in your hip pockets. 

I ask you to rise and drink to the President of the United 
States. (The assembled gentlemen arose and drank the toast.) 
And, again, to the King of England. (The toast was drunk.) 

I do not know what the ladies think of the men on the floor 
and in the gallery of this great room, but I will tell the gentle- 
men what some of the gentlemen in my close vicinity say 
about them. First, that it is a very large audience to bring 
together in one room. Second, that the men. are fine, hand- 
some, stalwart; but, better than everything else, every man 
shows himself to be a gentleman. 

Could anything finer than that be said of a man? You 
have established yourselves as men who can come together, 
carrying big problems relating to the immense business in 
your charge and direction, and almost at the wave of a hand, 
notwithstanding the large numbers, immediately come to 
order and pay strict attention to what shall be said. 

I congratulate you, I congratulate myself on being asso- 
ciated with you; and from the bottom of my heart I thank 
you for all you are, for all you have done and all that you are 
doing daily. (Applause.) 

It has been our customer—custom (laughter)—you know 
better than I what that means (laughter)—year after year 
for a few years we have attempted, by introducing them, to 
do slight honor to the young men, distinguished, learned, 
faithful, and loyal, who have entertained the Institute during 
the day by reading essays or addresses or lectures on scientific 
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and other topics that are of immense interest and that go into 
the Year Book, making a volume of literature which is gladly 
received and read and studied all over the world. 

These men we ask, as the secretary calls their names, to 
rise and receive your salutations. 

(These gentlemen arose and received the applause of the 
meeting as their names were called by the secretary.) 

Tue Secretary: C. W. E. Clarke and D. L. Galusha, of 
Dwight P. Robinson and Company, New York, paper on 
Modern Steam Power Stations. (Applause.) 

A. N. Diehl, Vice-President, Carnegie Steel Company, 


paper on Data Relating to Basic Open-Hearth Steel Practice. 


(Applause.) 

It is to be regretted that Messrs. Rawdon and Epstein, of 
the Bureau of Standards, who read a very valuable paper, 
Observations on Phosphorous in Wrought Iron made by Dif- 
ferent Puddling Processes, are unable to be present. 

Stewart J. Cort, of the Bethlehem Steel Company, Com- 
parison of Open-Hearth Furnaces of Various Sizes. (Applause.) 

William A. Haven, of the Republic Iron and Steel Com- 
pany, Notes on Coke Testing. (Applause.) 

A. E. Lindau, President of the American System of Rein- 
forcing, Reinforced Concrete. (Applause.) 

Jupce Gary: You have heard of the United States Steel 
Corporation. I will not have much to say about that com- 
pany. But you also have heard of the next to the largest steel 
concern in this whole country, and it is represented here to- 
night by its president, Mr. Eugene G. Grace, stalwart, able, 
a leader amongst leaders. It gives me pleasure to introduce 
him. (Applause.) | 

Mr. Evcenr Grace: Judge Gary, men of the Steel Insti- 
tute, ladies and friends: 

Judge, this is probably the first time that you have ever 
been thanked for calling on anybody to make a speech. Iam 
not going to thank you for it, but I am going to tell you that 
I am not unmindful of the honor and express to you my 
appreciation of the recognition you have given me under 
these circumstances. 
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This sort of work of the Bethlehem Steel Company, as you 
men I think all well know, is done by Mr. Schwab (laughter). 
In the division of duties, that is the one thing he kept for him- 
self. (Laughter.) If I lose my job—he does not know that I 
am standing here on my feet tonight trying to represent him 
or speak for him—if I lose my job, Judge Gary, I shall go 
down to 71 Broadway to make application. 

JupGE GARY: Come without that. 

Mr. Grace: I probably shall. (Laughter.) 

We have heard on many, many occasions the most com- 
plimentary words from our Chairman as to the kind of good 
fellows we were, how able we were, how well we were doing 
our jobs, what a wonderful industry we were conducting, and 
how ably we were doing it. We have had him say to us that 
our industry is the industrial wonder of America. We have 
heard him say to us, and we know, that we are representing 
an industry that is producing surely three quarters of the 
steel that is produced in the world. 

I think we are quite likely to accept the compliment 
which Judge Gary has given us—deservedly, or not. We 
have been doing big things; we are doing big things. We 
are doing extremely well. There seems to be no task too 
big or too important for this group of men to undertake 
and master. 

We have to look back only two or three years when we 
were presented with one of the greatest, most difficult prob- 
lems in a given industry, Judge Gary, and that was the elimi- 
nation of the twelve hour day in the steel industry; that given 
to us at a time when legislation had just been passed to limit 
immigration into the country. It is history how well that big 
problem was accomplished by this body of men. 

That is all on the manufacturing end of our business. Now 
I wonder—the thought comes to me— if we have done the 
commercial end of our business as well as we have done the 
manufacturing end of our business. I think statistics tell us 
that we have employed in the steel industry something like 
four to five billions of dollars. We have in trust, in other 
words, and are responsible for the proper occupation of that 
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immense wealth. In addition to that, we are making expendi- 
tures yearly for the ordinary depreciation of properties of well 
over one hundred million dollars a year. The everyday up- 
keep of our properties is measured by much larger sums even 
than the hundred of millions of dollars. 

There is one thought that I wanted to emphasize tonight: 
it is that particular one: are we doing the commercial end of 
our business as ably as we have been doing the developing and 


- the manufacturing end of our business? I see a statement 


published by our trade papers indicating that we are making 


. approximately 4 to 5 per cent., gentlemen, on the capital 


occupied in the conduct of our business. As against that, we 
see the automobile industry as an example making anywhere 
—I do not know what to say—anywhere from 10 to 25 per 
cent. on the capital employed in its business. The automobile 
industry is paying dividends to its stockholders that we 
ought to be paying to the stockholders of the steel industry, 
or at least, in part. 

Our industry is peculiar in one respect as against the other 
leading industries of the country, in the main. We depend 
entirely upon resources of natural raw materials. We are 
exhausting them rapidly; they cannot be replaced yearly like 
the agricultural industry, which replaces itself. We are, in 
fact, having a race with eternity in respect to the materials on 
which our industry is based; and I should like, gentlemen, if 
there is o 1e thought that I could just leave in this, my maiden 
speech, before the iron and steel industry, with the fellow- 
ship which exists here, the friendships which exist, with the 
relations which exist, with the confidences which exist be- 
tween us, I believe that we are called upon, gentlemen, to 
conduct the commercial side of our steel business, to be better 
merchants, in other words, than we have been. 

I was struck by a statement made by Owen Young before 
the Industrial Conference Board lastnight. I happened to 
see it in this evening’s paper; it was something to this effect; 
I may not have remembered it or copied it exactly, but 
Mr. Young’s thought was this: Industry should be profitable. 
I have no sympathy with indictments of profit. They are the 
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motive power of our economic system. Why deny it or apolo- 
gize for it? 

It is a good thought. We can do better merchandising 
than we have done in the steel industry; I am sure of it. We 
can do it within the law; we would not think of doing any- 
thing outside of the law. Investigating profits has been popu- 
lar apparently, and every Governmental investigation has 
been along the line of investigating profits. I would much 
_ prefer to have investigation of my profits than to be investi- 
gated by our stockholders as to why we are not making 
profits. (Applause.) 

We are in a prosperous condition in this country. The 
steel industry is prosperous. The country is prosperous. Fun- 
damentally I believe that prosperity is the earning power of 
the workman. 

Gentlemen, we cannot increase the profits in the steel 
industry by the reduction of wages to the workmen. There 
is a limit to the increasing of our profits through further 
reduction of costs of production. Therefore as I see it, if we 
are to further improve the condition of our industry, we must 
look to it very largely from better merchandising methods. 
I thank you. (Applause.) 


JupGe Gary: Mr. Grace struck a responsive chord in you 
and in me. It is up to us. Are we what we seem? Are we 
business friends? Do we believe in helping each other all the 
time and everywhere? Do we make the right application of 
that to our business, treating everybody fairly and properly, 
even our own friends? (Laughter). I knew a man who used 
to say such and such a family, giving the name, is always 
generous and fine and splendid, except to its own members 
and relatives. , 

You have heard the maiden speech of Mr. Grace. .Now 
watch him as time goes by. See how rapidly a man develops. 

Mr. Grace: That was not in the agreement. 

Jupee Gary: No more excuses. 

Nearly twenty-five years ago I happened to sit next to 
Arthur Brisbane around a table. I knew something about 
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him from what I had read of his writing. I knew he was bril- 
liant, caustic sometimes; I had an inkling that he did not 
always fairly and justly represent capital, big interests; that 
he was prejudiced against men connected with big interests. 
I frankly and flatly told him what was in my mind. I started 
to say something to him about big interests and what I 
thought they were doing; but he did not allow me to pro- 
ceed; he interrupted me and said, ‘‘I have no prejudice 
against big interests, against capital, against wealth, against 
success, against prosperity, provided the man who achieves 


. it keeps within the rules of good morals and good law.”’ 


Well, I looked at him while he was talking; I wondered if 
he really meant what he said. Since that time I have tried to 
find out for myself what was really in his heart. 

He said, ‘‘ You know there is a mass of people who are not 
able to protect themselves, who are not able to take care of 
their property and their business and families, who are unedu- 
cated or unfortunate; and I think it is up to a man placed in 
my position to spend time, energy and thought in trying to 
protect the interests of those who are unfortunate. The rich 
people, the men of power and influence, can take care of 
themselves. ”’ 

I wanted to see for myself if that was really what he was 
trying to do; and since that time I have watched for his 
writing. I have read the Arthur Brisbane editorial commenc- 
ing in the first column of the American every morning, which 
is repeated and published in thousands upon thousands of 
papers, and read at the present time by, I suppose, at least 
twenty millions of people every day. I have watched for that 
column and I have read it carefully, faithfully and honestly 
ever since. 

Gentlemen, you know what is written there—sometimes 
things that hurt your feelings, as sometimes they have hurt 
my feelings; but I believe he writes what he ought to say and 
what is intended for the good of the people and all the people. 
I acknowledge to him he has been of real benefit to me on big 
questions, political, historical, biblical, religious, financial, and 
every other department of human activity; and I thank him 
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for coming here tonight and permitting me to say that I think, 
in what he said when I first met him, in his heart he was right. 

And as a demonstration of his feeling toward big men and 
big capital and big things, go to the corner of Park Avenue 
and 57th Street; look at what he calls the Ritz Tower, but 
which is really the Brisbane Tower, the highest structure of 
its kind anywhere to be found or seen, forty-two stories high, 
a beautiful structure; go out to Central Park, almost any 
part of it, and look in the direction of those street corners and 
you will see that tower looming up, overlooking the city. 
That is the result of the work, the saving, the industry and the 
faith in the country, and is the property of Arthur Brisbane. 

Gentlemen, it shows the short distance between the man 
who has been successful and the man who has been unsuc- 
cessful; more than that, it shows the greatness and goodness 
and fairness of this country that permits any man from any 
position of life, possessed of little means, to reach the height 
of financial success. The poor man is no better than the rich 
man, but he is just as good. And the man who succeeds in 
this country, as a rule, is the man who gets his money and his 
property honestly. 

You have known Mr. Brisbane as the biggest editor in this 
country, one of the most influential writers, one of the best 
informed: you wonder when he gets time to read from ancient 
and modern history the things which permit him to publish 
the facts which he distributes; but you have not known him as 
a man who was plodding, plodding along, taking longer and 
longer steps every day, until he is clear up amongst the big 
and the rich men of this country, owning real estate all over 
the country, and throughout this city. He is a rich man, yet 
he is just as simple and just as common and just as willing to 
fight the battles of the poor man as he ever was. 

You may think I have taken some pains to praise him. 
Not at all. He does not need me or anyone else to fight his 
battles. I know by long experience he is able to fight for him- 
self. I have simply stated facts. 

Now when he gets on the floor I do not know what is going 
to be his attitude toward me. I am pretty sure he will give 
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me some pretty hard slaps—because he is able to do it; but 
even so, he will not do it maliciously. We welcome him here 
tonight and we are thankful to him for coming and agreeing 
to say something to this great, intelligent, splendid audience. 
Mr. Brisbane. (Applause.) 


Mr. Arruur BrissBANne: Judge Gary,.ladies and gentle- 
men: I appreciate the Judge’s introduction, and I shall quote 
from a periodical, that Lord Ednam reads I suppose regu- 
larly, London Punch: Two ladies of small means—they 


_ have not reached my capitalistic estate (laughter)—are talk- 


ing. One lady said, ‘‘Mrs. Green, you know very well that 
I can behave like a lady: but, thank Heaven, I can also be 
natural.”’ (Laughter.) On this occasion I shall do my best to 
act like a lady: perhaps tomorrow in the newspaper, as the 
Judge has suggested, I may act natural. (Laughter.) 

The Judge has spoken of the forty-two story apartment 
hotel that I am putting up at 57th Street and Park Avenue 
and of its height: he is interested because, in keen com- 
petition, his company succeeded in supplying the steel. 
(Laughter.) And because of that, Judge Gary assumes that 
I am a capitalist. 

This building towers above all others in the neighborhood ; 
but I do not intend to be elected a member of this capitalistic 
club on false pretenses, and I want you to know that if the 
mortgage on that building stood beside it, it would tower so 
much higher (laughter) that the people would not wonder 
that I put up such a high building; they would need all their 
energy to wonder how I borrowed so much money. (Laughter.) 

The Judge has said that. I do not object to capital. I do 
not. Capital is the representation and the proof of things 
accomplished. It is frozen labor. You can release it in any 
conceivable way. 

Judge Gary referred to the remarkable things that one 
American can do. You know that a farmer in Michigan only 
a little while ago was worrying. He said, ‘‘I know that 
James and William will make their way in life, but I am wor- 
ried about Henry.’’ Henry’s last name was Ford; and his 
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father would not worry about Henry, if he were alive now. 
Henry Ford and his wife and his son Edsel sit down at break- 
fast, hold a directors’ meeting, and all the directors and all the 
stockholders are there in front of the coffee pot (laughter), 
and that nice little Michigan family earns every year three 
times as much as it takes to pay all the dividends on United 
States Steel common—that is quite an achievement, and it 
shows that you can make money in every conceivable way. 
Some make it by charging 25 per cent. profit. Ford makes 
his money by charging as little as he can and making as many 
automobiles as he can. 

Wealth accumulated in a pile is like the water in Lake 
‘Superior; that water cannot be of real use until it gets 
onto the land. The problem of the United States is to accu- 
mulate money in large amounts and then, by intelligent 
philanthropy, labor unions, taxation and so on, to distribute 
it. (Laughter.) The nation needs money spent as much as 
land needs water distributed in irrigation, as much as the 
starving minds of millions need the knowledge on the shelves 
of public libraries: the whole problem is distribution. 

The things that seem the greatest calamities often help 
towards the greatest good. The war killed millions. They 
would die anyhow. Who cares about the One Hundred 
Years’ War, the Thirty Years’ War, the Seven Years’ War, 
the black plague that killed more than 25 per cent. of all the 
people in Europe? Not one of the victims would have been 
living today. 

From this last big war we learned that it is possible and 
wise to pay men well. The prosperity that the rich man has 
today is a part—his fair share, if he is a good business man— 
of the average prosperity of the people. The richest men only 
get what the poor men have to spend. We that are capitalists 
—I have just been elected (laughter) ,—get our money from 
little people. Plasterers get fourteen dollars a day, painters 
get eighteen dollars, and therefore can take two days off a 
week and not die of lead poisoning so soon. 

To make money, spend money: to get money, give money. 

Ford raised his average pay from $2.40 a day to a mini- 
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mum of $5, now increased to $6, what difference did that 
make? He has 240,000 men on his payroll. The increased 
pay is spent to buy Ford cars. He gets the money back. 

Mr. Grace has said that you cannot reduce wages, and he 
~ does not want to. Neither, I suppose, does any man here. 
And, luckily, you cannot reduce them. But you can increase 
them. If you raise wages in your departments, if railroads 
raise wages in theirs, the people have money to spend, and 
you can raise the price of your steel. 

When I was a boy, I saw a workman driving a fast trot- 

_ting horse, that was considered amazing: my uncle in the steel 
business said, ‘‘That man is a puddler, and makes eight 
dollars a day.”’ That was as amazing as if I pointed now to a 
puddler and said, ‘‘He makes $800 a day.”’ 

The prosperity of the United States is based on the fact 
that men’s wages have gone up. 

When Judge Gary talks of the newspapers by which I am 
employed, of course he is talking about the proprietor, 
W. R. Hearst. Few men know him well. The great majority 
know him not at all. Judge Gary knows Mr. Hearst very 
well. The remarkable thing about Hearst is that he has al- 
ways been arich man. A man trying to get rich is a friend of: 
the poor while he himself is poor. Every editor I ever knew, 
starting to build up a newspaper, began as a “friend of the 
poor.”’ Being poor himself, he thought other poor men were 
deserving. As each one got modestly rich, he thought mod- 
estly rich men were deserving. When he got very rich, he 
thought the poor men probably deserved their lot. That is 
how that thing works. Hearst began rich, always was rich, 
his father was rich before him; he could have led a life of 
perfect leisure with millions at his command. He preferred to 
work, and worked sincerely. He was ambitious, of course, 
wanted to be somebody in the country, and he is somebody. 
Judge Gary knows, President Coolidge knows that Hearst is 
one of the most powerful men in the United States, because 
his papers talk daily to millions of the people. Hearst has been 
of great service to this country, he has been the greatest 
friend that you and other constructive men have had because, 
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as long as his papers have been published and wherever they 
have been published, the under dog has felt that he had a 
hearing. And a country is in danger when that hearing is 
lacking. Hearst has lifted the weight off the safety valve and 
let the steam out. 

The newspapers that Mr. Hearst owns, give to the aver- 
age man, so far as our ability goes, as good representation 
and as honest representation as any man at this table can get 
by hiring the most expensive corporation lawyer in the coun- 
try; and it is a good thing for the country that that is true. 
When men feel that they have their day in the Court of 
Public Opinion, they are satisfied to use public opinion and 
the ballot as their weapons. 

Napoleon said, ‘‘I could not last three weeks if I gave 
liberty of the press.”’ 

I tell you that this country, with its prosperity, could not 
last—I will not say three weeks, but could not last long, with- 
out liberty of the press. The nation’s greatest asset is that 
part of the press that fairly represents the great crowd. 
(Applause. ) 


JupGe Gary: Weare to have one more speech: you know 
who is going to make it. I will read first what I got from the 
books about him—which is not necessary: Viscount William 
Humble Eric Ward Ednam, recently Member of Parliament 
from Hornsey Borough; Conservative Party, and Parliamen- 
tary private secretary to Under Secretary of State for India. 
Formerly Captain, Tenth Royal Hussars; wounded in the war. 
Received Chevalier Legion of Honor and British Military 
Cross. Married Rosemary Millicent, daughter of the Duke of 
Sutherland. 

We are proud to say she is listening to what is being said 
here at this time. 

Lord Ednam is chairman of the Earl of Dudley’s Round 
Oak Works, Ltd., Baggeridge Collieries, Ltd., and Edgehill, 
Ltd. He is ason of Lord Dudley. His family for many years 
has been and still is extensively interested in the manufacture 
of steel and specialties in England. With Lady Ednam he is 
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making a brief visit to the United States, which, fortunately 
for us, was not curtailed by the general strike in England, as 
was feared. 

I might say in addition that Lord Ednam, notwithstand- 
ing his great wealth, his successful career, his leadership, is 
avery young man. He has estates in various places in Eng- 
land. They were all very valuable until the war came; then 
their value was affected. 

He has just visited Jamaica, where his father had a large 
estate. The son has succeeded to all these properties and is 
_in charge, absolute charge, of very big lines of business. Many 
of you know something about him. He is interested in steel. 

He is Lord Ednam; but, when you meet him, you find he 
is a real man, working because there is a natural, reasonable 
obligation to work, because he likes to work. He has the 
right idea of things. He has the right notions of how to treat 
labor; although that feeling is not always reciprocated, as 
we know. 

He prefers not to speak. I have had to urge him. I have 
tried to impress upon his mind that he has some obligation 
to stand before this intelligent audience and say something 
to it; that all the men in this audience are interested in him 
and in his work and his country; are appreciative of the 
prominent Englishmen who have done so much for the world. 
He has promised to respond. 

He likes this country. He will come back here another 
year. He will visit Canada where he still has large property 
interests; and by the exercise of skill and economy, he is 
going to keep the property and use it properly, and will suc- 
ceed more and more. He has a great future before him. You 
will hear from him often and favorably. 

I am very sure that you will be glad to welcome him here 
at this time and to hope for him and his family, health and a 
return to this country. 

Lord Ednam. (Applause, the whole audience rising). 


Lorp Epnam: Judge Gary, ladies and gentlemen: When 
I had to make my maiden speech in the House of Commons 
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some few years ago, I thought it was the greatest ordeal I had 
ever had to go through in my life; but I can assure you that 
this is a far greater one. 

As Judge Gary has told you, I was very reluctant to say 
anything tonight. I came to America to learn and not to 
preach. But I do just want to tell you how deeply sensible 
I am of the great honor which has been paid me in being 
invited as a guest of the American Iron and Steel Institute at 
this annual banquet. 

Iam very grateful to you, sir, for the pleasant opportunity 
which you have afforded me to meet so many distinguished 
members of the American iron and steel industry, and to hear 
your discussions both today and this evening, which have 
been extremely interesting to me as a member of the British 
Iron and Steel Institute and as being closely connected with 
the industry at home. 

I want first of all to offer my very humble but sincere con- 
gratulations to every member of this Institute on the amazing 
pitch of prosperity to which you have brought the steel indus- 
try in this country. I make no secret, sir, of the envy which 
I feel at that prosperous condition. But at the same time, I 
am very sympathetic with the pride which every member 
of this Institute must feel in the industry and in the amazing 
results which you all have been able to achieve by means of 
your collective and individual ingenuity and zeal. This is my 
first visit to the United States, and I am naturally keenly 
interested in the vast expansion and.development which I 
see going on here. 

Our industry at home, as you all know, has been through 
five years of depression and difficulty unprecedented in the 
history of our country. 

This is due, of course, to increased output capacity neces- 
sitated by the war, to shrinking markets, to labor problems 
and to political and economic disturbances amongst our 
European customers. 

There is no use shirking the fact that we have still many 
difficult years to face in the future; but I am confident that 
when the chaos, which has been wrought in Europe by the 
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war, has more fully subsided, that the British steel industry 
will once again flourish and will hold that position in the mar- 
kets of the world which it has enjoyed in past years. 

I am very reticent toward making any comment on the 
recent general strike, like your Chairman was this morning. 
The circumstances which led to it are still under negotiation, 
and I am naturally very apprehensive of saying anything 
which may prejudice or impede a peaceful settlement. The 
Chairman remarked this morning that very often in the cases 
of strikes the leaders call the tune and the workers pay the 


piper; the men are not consulted as to whether they shall 


strike or not. 

I fully believe that had a ballot been taken beforehand of 
the men who were to be concerned in the general strike, that 
strike would not have been called. I am confident that the 
misunderstandings which may exist between capital and 
labor or, at any rate, between capital and the rank and file of 
labor at home, are not so deep rooted as they may appear to 
be to the citizens of foreign countries. 

I believe that the rank and file of labor are as anxious to 
combine with their employers to find a solution of the eco- 
nomic difficulties which confront them as the employers are 
themselves. But I say this advisedly and I believe you will 
all agree with me, that so long as the trade union leaders at 
home nail their banner to the mast of nationalization, so long 
as they seek to obtain nationalization of the basic industries 
by imposing impossible conditions upon the employers and 
by trying to freeze out private enterprise by gradual stages, 
as undoubtedly they are doing at present, then so long will 
the labor problem in Great Britain remain unsolved and 
unsolvable. 

_ The employers at home have no hostility whatsoever to 
the legitimate ideals and ambitions of labor. The employers 
firmly believe that high wages and prosperity can go hand in 
hand, indeed they have seen that fully demonstrated in this 
country. We desire to be able to pay as high wages as are 
paid in the United States of America; provided, of course, 
that we get a good day’s work for those wages. We want to 
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see our working people living under sunny conditions, fully 
secured against unemployment and sickness. 

I am certain that those are the honest ideals of every 
employer in Great Britain. But the highest ideals and the 
highest ambitions, it seems to me, must be shattered when 
you are competing with collapsed foreign exchanges; when 
you are competing with the products of your competitors, 
situated only a few miles from your frontiers, products manu- 
factured at far lower rates of wage than you are paying and 
under much longer hours than operate in your own country. 
That is the pith of the industrial difficulty at home. 

As regards cheaper production, there is no doubt that we 
have a great deal to learn from the United States in up-to- 
date plant and in labor-saving machinery; but our great 
drawback there is that whereas you have an employment 
difficulty, we have an unemployment difficulty; and the more 
we employ labor-saving material, the more we eliminate labor 
costs, the more do the ranks of the unemployed grow. 

Well, gentlemen, I am not going to keep you any longer; 
but once again I want to thank you from the bottom of my 
heart for the magnificent reception and welcome which you 
have given me tonight. I am very proud to have dined here. 

I hope that when any of you visit England you will give 
the British Iron and Steel Institute an opportunity of wel- 
coming you. 

I am unable to find words sufficient to express my admira- 
tion of your marvelous country. I wish the best of luck in 
the future to the American Iron and Steel Institute; I hope 
that as far as the steel industries and the steel institutes of 
the two countries are concerned, the Union Jack will stand 
beside the Stars and Stripes for many years to come. 

I feel certain that, thanks to your generosity and hospi- 
tality, sir, when I return to England I shall have greatly 
benefited by all I have seen here, by the study of American 
methods and her unrivaled efficiency. I thank you. (Applause.) 

Ne Gary: Health and happiness to you all. Good- 
night. 
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The Thirtieth General Meeting of the American Iron 
and Steel Institute was held at the Hotel Commodore, New 
York City, on Friday, October 22, 1926. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the large 
number present, the morning session was held in the Grand 
Ballroom. The afternoon session was held in the East 
Ballroom. The evening session, which included the semi- 
annual dinner, was held in the Grand Ballroom. The 
sessions were devoted to the reading and discussion of papers 
dealing chiefly with problems of metallurgy and business. 

On the following page will be found the program of the 
meeting. Judge Gary, President of the Institute, presided 
at the opening of the morning session. At the close of 
his address, Judge Gary requested Mr. John A. Topping, 
Vice-President of the Institute, to take the chair. At the 
request of the president, Mr. E. A. 8. Clarke, Secretary of 
the Institute, presided at the opening of the afternoon 
session. At the close of Mr. Diehl’s paper, Mr. Clarke called 
upon Mr. Howard H. Cook, Assistant Secretary of the 
Institute, to take the chair. Mr. Clarke resumed the chair 
at the close of the session. Judge Gary acted as toastmaster 
at the banquet in the evening. 
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ADDRESS OF THE PRESIDENT 


Evpert H. Gary 
Chairman, United States Steel Corporation, New York 


Gentlemen, there is no other audience in the world that 
comes to order as you do. We expect you to do the same this 
evening when you hear the gavel. As you know, we are to 
have a very distinguished party this evening; and my assis- 
tants, associates or bosses, whatever you call them—about 
as arbitrary as anyone can be—have laid down certain rules 
which I suppose it is my duty to see are enforced. 

I want to say that always when I come into this hall 
I am inspired. There is an electric influence you gentlemen 
possess, which I think affects everyone who comes here, 
more or less. We are glad to meet here. I believe we are 
happier here than anywhere else. I am of the opinion that if 
these meetings should be discontinued we would be lonesome, 
we would very much regret that they had not been continued. 
This feeling is an evidence, to my mind at least, that there is 
something even in business life that is more worth living for 
than the mere making of money. I would not discourage 
making money or say anything against it, but I would, it 1 
could, subordinate it to the finer things in life. 

Not long since a gentleman of prominence spoke to me 
about the morale, the ethics and the attitude of the steel 
industry; and he said in substance that until the influence 
of the steel people, on the whole industry, began to be felt 
business was not conducted as it is now; it was not as agree- 
able to be in business. He perhaps gave us a little more credit 
than we deserved, but he was sincere when he said that the 
steel industry had established a reputation for doing business 
in such a way as to secure the confidence and the esteem of 
the community. I think that is largely true. And when I tell 
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you that I am proud of the steel people who are members of 
this Institute, you know I mean exactly what I say. 

For the confidence and the support you have given me, of 
course I am very grateful. That you must know. 

I have seen the Queen once since her arrival in New York; 
and in speaking to her about addressing a large company of 
men this evening I told her she would see as fine a body of 
men as had ever met or had done business together. To be 
able to say that of a body of men who long ago made me 
president of this organization, and have continued, perhaps 
against the best interests of the Institute, to re-elect me year 
after year, of course I am very proud. We all receive at times 
better things than we deserve; but no one, it seems to me, 
receives so much as I receive in commendation and real affec- 
tion from the men I am so proud to represent as president. 

On my recent birthday the testimonials which I received, 
largely because of my age of course, were startling. We have 
not got them sorted yet. We received testimonials from 
foreign countries, some of which were splendid, couched in 
the finest language that could be written. We received tele- 
grams, I won’t say from all over the world, but from many 
parts of the world, expressing confidence and real affection. 
And, gentlemen, for all this you are entitled to the credit. 
No one knows it better than I. It is necessary to have some- 
one elected president of an association always; but whoever 
is appointed to that high position can never do much unless 
he has a body of men that will march and stand together, 
that will work together and that will fight—but fairly, 
openly, decently; and that is the kind of a contest everyone 
enjoys. I think I had better not ramble along further; I 
have too much in my heart to say to you and about you and 
of you. 

I want to refer to one incident, if you will allow me, 
right at this juncture. I am informed by the Secretary that 
Mr. Charles M. Schwab will be with us this evening. (Ap- 
plause.) Are you glad he is coming? If you are, stand on 
your feet. (All stood.) That is a testimonial he might be 
proud of; and he deserves it. No one will be more glad to see 
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him than I shall be. I am not certain that he will speak; it 
depends a little upon the length of the program; if he thinks 
there is time and decides to say something, it will probably 
be very brief. But you will know what he says and what he 
means when you hear him. It will be all in your favor; be 
sure of that. 

Of the speakers who were persuaded some time since to 
say something this evening, I may say the first on the pro- 
gram will probably be Judge Kavanagh of Chicago; a splen- 


- did judge, a very high type of citizen; you will be glad to 
_ hear him. I think he will speak on the subject of law enforce- 


ment. No more important subject is in the minds of the 
people at the present time—and especially in Chicago. 
Chicago is not a bad city; it is a good city; the mass of the 
people, the most intelligent people, stand for law and order; 
they have a Mayor as good, I think, as can be found any- 
where—honest, straight, courageous, determined, never 
faltering. A large portion of the things that are published, 
even in the Chicago papers, against Chicago, are contrary to 
the position of the Mayor, and sometimes quite different from 
the real facts. But Chicago needs cleaning up, as other cities 
do. If we cannot have law and order, if we cannot under- . 
stand that when darkness comes on, ourselves, our families, 
our properties, are safe, what is the use of doing business? 
What is the use of accumulating? The time has come when 
the people of the world must realize the late great war is 
ended, that the practice of killing each other deliberately, 
brutally, must stop, that peace must be firmly established 
and continuously sustained, and we are going to have it. I 
have never heard Judge Kavanagh speak; but I used to know 
him as judge, more than thirty years ago as I remember it, 
and I know he is a good man. He is on the right side of this 
question unless I am very much mistaken; he is not a crank 
on any special subject. I think he believes in the enforcement 
of all the laws so long as they stand on the books. In Chicago’ 
it is not the prohibition question they are fighting over. It 
is the protection of the people against brutal assault without 
any reason except plunder; it is against the idea of taking 
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advantage of the distorted condition of the mind which 
results from the late war. If the population, with respect to 
these questions I have hinted at, were like the members of 
this Institute, if it were you who had to decide these questions, 
there would be no trouble about the maintenance of law 
and order. 

Following Judge Kavanagh, I think Mr. Hugh Morrow 
of Birmingham will speak. I do not suppose he is in the room. 
If he is not I might say a word in his favor. A distinguished 
lawyer, eloquent speaker, fine specimen of citizen as I have 
known him; he has been demoted to the steel business. Of 
course that is said facetiously. He is President of the Sloss- 
Shefheld Company. And he will.tell us tonight something 
about the regeneration, the rehabilitation, the progress and 
the high standing in business these days of the great South. 
He could not have a more eloquent subject to speak about, 
nor one that he knows more about, than that. If you visit 
the South, as I have in the last few years, you will be at- 
tracted especially by two things: first, the beautiful women 
of course—everyone knows about them—no handsomer 
women, no more hospitable women, no better entertainers in 
their own homes than the women of the South. And they 
have had considerable influence on their husbands—it is 
a good thing. The next thing is the eloquence, the literary 
accomplishments, the oratory of the stalwart men of the 
South. I tell you they are a fine lot of people. They were put 
back by the war fifty or a hundred years, but they have been 
coming back very rapidly, and they occupy positions in the 
front rank of business progress at the present time. If Hugh 
Morrow happens to be in form tonight, although his time 
must necessarily be short, his speech cut in two perhaps, you 
will hear something worth listening to. 

And then after him will come Her Majesty, the Queen 
of Roumania. You will like her—you will like her because 
‘she is a real woman, big hearted and big brained. She will 
catch the audience at first blush. See if I am not right. 

I have dwelt a little on these things to save time this 
evening. If the introductions are shorter than you would 
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naturally think they ought to be, remember what I have 


said about these different people. 

But to have a successful evening we must follow the rules 
laid down by the chief and other equally determined, arbitrary 
and perhaps unreasonable men. First, special precautions 
will be taken this evening to admit no one except Insti- 
tute members and their guests, for whom reservations have 
been made. Therefore you are now reminded of the necessity 
of bringing your admission cards to be presented at the door. 
There will be very brutal men stationed there, either mem- 


bers of the club or officers of the law, who will see the tickets 


before people are allowed to enter. It is important that 
members should begin entering the banquet hall tonight at 
7:15, and to be seated at their tables at 7:25 promptly. ‘The 
hotel has instructions to begin serving immediately on the 
arrival of the guests at the head table at 7:30. Those guests 
will not include at the beginning the Queen and her entour- 
age. She will come a little later. She is a good deal tired out, 
and ought to go to bed probably. When I suggested to her 
yesterday that she must take more rest, and we could arrange 


_ to give her a little more time away from the banquet hall this 


evening if necessary, she said, ‘‘Well, you have already told 
me that if I am there at nine o’clock sharp that is early 
enough. I would not miss that for anything in the world. As 
I told you in Paris six years ago, I hoped to come to this 
country, and if I did I wanted to go to the banquet of the 
American Iron and Steel Institute; I would rather see those 
men and talk to them than to go any other place in the 
world.” That is the way she feels about it. And when you 
see her and hear her tonight you will know that thought is 
in her mind. Let us treat her accordingly. Let us reciprocate 
her disposition; let us be kind to her. 

For emphasis, the arbiter says, let me repeat: everybody 
to be seated at the banquet table tonight not later than 
7-25. Members and guests will please note this and carry it 
in your minds. Members and guests are requested to refrain 
from smoking during the dinner and until after the general 
photograph is taken, which tonight will follow the serving of 
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coffee. The accumulated smoke would prevent taking a good 
picture. And you are urgently requested to codperate, both 
on your own account and by suggestion to your neighbors, 
in order that the atmosphere may be clear until the time 
mentioned. 

Alda, of whom you know, the great opera singer, will sing 
several numbers during the evening. You will be glad to 
hear her. 

Thus much I have said, without previous intention, that 
is impromptu. I have not had much time to make prepara- 
tion, but I am going to offer you a few remarks, and I apolo- 
gize in advance. 

FRIENDLY COOPERATION 

On the recent historic occasion of the German Republic’s 
entry into the League of Nations, two notable addresses 
were made by Briand and Stresemann.. They were frank, 
sincere and eloquent in language, and lofty in sentiment. 
They will always stand out in history as worthy of the high- 
est commendation by intelligent and fair-minded people. By 
the language of these addresses, Briand and Stresemann 
pledged their respective countries to forever pursue the paths 
of peace. 

Briand said: ‘‘No more war! No more shall we resort to 
brutal and sanguinary methods of settling our disputes, even 
though differences between us still exist. Henceforth it will 
be for the judge to declare the law. Just as individual citi- 
zens take their difficulties to be settled by a magistrate, so 
shall we bring ours to be settled by pacific procedure. Away 
with rifles, machine guns, cannon! Clear the way for concili- 
at on, arbitration, peace! Countries do not go down to history 
as great solely through the heroism of their sons on the battle- 
field or the victories that they gain there. It is a far greater 
tribute to their greatness if, faced with difficulties, in the 
midst of circumstances in which anger all but drowns the 
voice of reason, they can stand firm, be patient and appeal 
to right to safeguard their just interests.” 

Stresemann said: ‘“‘The most durable foundation of 
things is a policy inspired by mutual understanding and 
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mutual respect between peoples. Germany has already, 
before her entry into the League, endeavored to work in the 
direction of this friendly codperation. In that respect, the 
German initiative which led to the Pact of Locarno is a proof, 
and as further evidence there are the arbitration treaties 
which Germany has concluded with almost all her neighbors. 
T he German Government is resolved to persevere unswerv- 
ingly in this line of policy, and it notes with satisfaction that 
these ideas, which in the beginning encountered lively oppo- 
sition in Germany, are now becoming more and more deeply 


rooted in the conscience of the German people. The German 


Government may well speak for the great majority of the 
German race when it declares that it will whole-heartedly 
devote itself to the task of the League of Nations.”’ 

Here were represented two great nations, Germany and 
France, for many generations occupying connecting terri- 
tory, the possession of which had long been involved in 
disputes and sometimes in bloody wars. During the present 
decade military conflict has cost them millions of men, bil- 
lions of money and untold suffering. And they have now 
amicably agreed upon a platform for permanent peace. 

Who can measure, in words, the good effect of permanent 
peace as opposed to bloody wars? Peace means prosperity, 
comfort, happiness. War means poverty, suffering, anguish 
of body and mind, destruction, death. The peaceful nation 
will progress and reach higher and higher pinnacles of secu- 
rity. The nation which realizes this and continuously main- 
tains peace will be one of the rulers of the world’s activities, 
and will enjoy the contentment and patriotic support of its 
people under all circumstances. The warring nation will be 
possessed by a dissatisfied and uncontrolled populace, and 
will be subjected to a condition of slavery, with all the 
degradation and suffering that attaches. 

From the standpoint of the world’s happiness and legiti- 
mate progress towards things that are better and wiser, and 
for the cause of humanity, which finds continual enjoyment 
in hopes of Heaven, the sentiments expressed and empha- 
sized by these two distinguished orators stand out as one of 
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the greatest events in history, next to the things which are 
founded on the Christian religion. Let us be grateful to 
Almighty God for having influenced the attitude and language 
of these two splendid men on the occasion referred to. 

What has been briefly expressed has been said for the 
purpose of applying the same to the principle of friendly 
codperation in personal business relations. 

It is appropriate to congratulate ourselves and each 
other on what the iron and steel industry of the United 
States has accomplished during the last twenty years or more 
in the direction of conciliation and codperation, perfectly 
proper, as indicated by the later decisions of the Courts and 
Governmental administrators and speakers of the highest 
intelligence and renown. Everyone present will remember 
the days when the steelmasters of this country were engaged 
in industrial war; when the hand of the steelmaker was 
raised against his brother; when practically, in the steel 
business, might made right; when the Golden Rule was sub- 
ordinated to the supposed pecuniary, if temporary, success 
of might and strength; when jealousy, discord and brutal 
antagonism prevailed; and all this to the ultimate loss of all 
who were engaged in the strife. Just as well do we remember 
when the unfortunate results of contest brought adversity 
and poverty. And with pleasure and satisfaction do we recall 
the awakening of our minds and hearts and souls, which 
exposed to our consciences the realization that acquaintances 
in our lines of business endeavor were in truth possessed. of 
the same sensibilities as ourselves, and were willing to try 
the experiment of treating our competitors as friends and 
companions. 

How well we know, by experience, that it pays in dollars 
and cents to be decent, kind, frank and friendly towards each 
other. How clearly we understand, that except for the spirit 
of codperation which has resulted from honest, fair and high- 
minded attitudes, many of us, to say the least, would have 
impoverished the owners of our properties and business. 
Your President does not hesitate to say, with the firm belief 
that he is accurate and truthful, that he has never, since this 


ADDRESS OF THE PRESIDENT 265 


Institute was organized, entertained a doubt that, from 
every viewpoint, it would benefit everyone of us to conduct 
our business on the basis of the Golden Rule. 

All of us oceupy positions high enough and firm enough 
in the moral atmosphere of this brutal world, to see farther 
and more clearly real situations and actual opportunities 
for prosperity that come from kind consideration for the 
rights of others, and we will strive to benefit ourselves by 
helping others, not only because it is profitable, but also for 
the reason that it gives us more comfort and happiness than 

-eould have been said of us twenty-five years ago, when things 
were different. 

However, the condition formerly existing, which has been 
adverted to, as compared with the present situation, in- 
fluences us to refer to some of the things surrounding our 
present practices, however infrequent and wherever existing. 

We are all more or less selfish and greedy; we are anxious 
to secure the best results for the interests we are directly 
connected with. We desire to receive just, even liberal profits, 
and to this end we would like always to establish and main- 
tain fair prices for what we produce and dispose of, and we 
wish to secure at least our proper and full share of the busi- 
ness that is offered. 

But in this connection be it said, as often before, that in 
our own interest as well as that of our customers, we must 
never insist upon unreasonable prices for anything we sell. 
We will realize more profit in the long run by this attitude. 
And the more reasonable we are toward our customers the 
more friendly they will treat us. Likewise, we should not at 
any time endeavor, by unfair, unethical or unreasonable 
practice, to secure for ourselves trade that normally would 
go to our competitors. Naturally, there may be differences 
of opinion always as to what is fair and reasonable, but we 
can and should conscientiously act in accordance with our 
best judgment, and with motives of honesty and friendship 
for others. As arule, we know what business is naturally ours 
and we know what are the right prices, taking everything into 
account. There may be good excuses for mistakes, but there 
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can be no sufficient excuse for intentionally doing what is 
wrong, unfair or unreasonable. With emphasis it may be said 
we ought always, in every transaction, to search our own 
hearts in order to conscientiously live up to the require- 
ments of propriety. 

At times it has appeared to be the belief of some of the 
manufacturers of iron and steel that they were justified in 
going outside of their natural territory and, by cutting the 
prices as advertised in the trade journals, obtaining an order 
for goods on the ground that there was and could be no prom- 
ise or rule to the contrary, and that a man selling goods 
should go no further than to consider whether a single order 
would permit of a profit to himself. This is a much mistaken 
notion when one considers the final result and influence upon 
his business. If a man endeavors to conceal his action, sup- 
posing that it will not be discovered by the competitors, he 
is generally mistaken, for in one way or another the truth is 
exposed. Everyone who listens at this time knows, by actual 
practice, the statement made is justified by the facts. For 
proof of what has been asserted, reference need only be made 
to the individual experiences of those who are present. If one 
producer is unfairly treated by another, he will generally, 
sooner or later, treat the one who has been unfair in the same 
way, and eventually the influence of the action of both ex- 
tends to others, until often a situation is produced which will 
be very harmful to the whole trade. If everyone present will 
adhere to the proper practice, as heretofore in these remarks 
suggested, continual and continuous profits will be realized, 
a spirit of friendship will be maintained, and peace of mind 
and soul will be an additional recompense to all of us. 

These remarks are not intended to be personal or accusa- 
tive. They are made deliberately for the benefit of everyone 
who is present, including the speaker. Probably no single 
person can at this time and in these circumstances cast the 
first stone. It may truthfully be said that the general spirit 
which pervades the atmosphere of the iron and steel industry 
is good. The delinquencies, if there are any, generally apply 
to those who are ignorant of the real situation by reason of 
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misrepresentation or otherwise, and those who have not taken 
pains to learn the efforts and disposition of others. There is 
no more reason for being unfair or unreasonable in business 
transactions than there would be between members of a 
church concerning church matters. 

It should be rung in the ears of every businessman that it 
pays largely to be decent towards all others, including com- 
petitors, employers, employees, customers, stockholders and 
the general public. The millenium has not arrived. We prob- 
ably shall not see it in the near future, but conditions all 
over the world are improving. People, on the average, are 
growing better; and they are becoming more intelligent and 
better educated. This makes for legitimate advancement, for 
prosperity and happiness. Adversity resulting from the 
world war and contention, has humbled the vast majority 
of the people and uplifted their souls. The international con- 
ferences which have been held during the last two years, 
including especially the one before the League of Nations, 
heretofore mentioned, have had a striking effect upon the 
minds of the people all over the world. Any nation of im- 
portance could now bring about an international conference 
concerning any moral, political or economic question, which 
would result in a good attendance and large representation, 
and the frank, open discussion of any of the matters involved. 
This is as it should be. 

We have heard recently of considerable discussion relating 
to anticipated competition between the iron and steel manu-' 
facturers of the United States and their foreign competitors; 
but it is believed that should it become necessary an inter- 
national conference would be held between all these interests, 
and a full, open discussion indulged in, after which a fair 
basis could be reached. Of course, no agreement between the 
different interests relating to prices could legally be entered 
into without the sanction of our law administrators. But if 
the necessity arose, it is thought the approval of the public 
authorities of this country, if they were fully informed and per- 
mitted to express opinions on the subject, might be obtained. 

Conferences, open discussions and reasonable means for 
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maintaining peace and prosperity in business matters have 
become popular and desirable all over the world. It is not 
too optimistic to assert that a platform of peace and pros- 
perity could and will be adopted, and if so would be adhered 
to. Briand and Stresemann built better than they knew. Let 
us do our part, up to the limits of our right and opportunity. 


BuSINESs CONDITIONS 


On the basis of the volume of business now being secured 
by the United States Steel Corporation, the industry as a 
whole at the present time is entering new orders for approxi- 
mately 80 per cent. of its normal capacity. This, when all 
things are considered, should be viewed as quite satisfactory. 
If the industry could be guaranteed continuous operations 
equal to 80 per cent. of capacity, it would result in fairly 
economical costs and reasonably profitable returns. 

There appear to be no clouds on the business horizon 
which indicate the demand for steel products in the aggre- 
gate will be substantially reduced in the near future, although 
necessarily in a matter of this kind the perspective must be 
limited as to period of time. 

While the earnings results for the quarter ending Septem- 
ber 30th have not yet been fully made up, we believe they 
will for the industry as a whole be fully as good as they were 
for the preceding quarter, which were quite satisfactory. 

The crop reports as we have them indicate the production 
this year will be nearly as large as in 1925, which was a boun- 
tiful year. Of course, in some particular products or in some 
sections of the country this may not be the case. But viewed 
in the aggregate and for the entire country, it is believed it 
will. And it is the general total of all which in the end in- 
fluences comparative business conditions. 

Money is plentiful, the amount in circulation being about 
$43 per capita and ample to care for all business. Collections 
are satisfactory, indicating the soundness of the credit situ- 
ation. There is sufficient labor to meet all demands and, we 
think, should be and is entirely satisfied both with rates of 
pay and conditions of employment. 
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We sometimes think unfavorable statements published 
concerning the trend of business are either pure surmises or 
put out for ulterior purposes, political or otherwise. One 
thing we know positively, namely, that the administration 
at Washington is reasonable and fair towards all business and 
all interests; and we have reason to believe that the majority 
in Congress will support the policies and good work the 
President has inaugurated from time to time and performed 
to the satisfaction of the people generally. 

So far as the question of import tariffs is concerned, we 
believe no legislation will be attempted, and certainly none 
passed, which will be really harmful to the business of the 
country. While there will be continued competition in the 
steel industry by foreign producers, we think from the state- 
ments they make there is no reason to feel they will seriously 
interfere with production in the United States. 

On the whole there appears to be plenty of business in 
hand and prospective, and sufficient funds and credit to do 
it with, to maintain the very favorable volume of production 
at reasonable profit which has prevailed for the past year. 
Therefore, we have faith in the future. 


Gentlemen, allow me to introduce three gentlemen from 
Germany. They will be with us this evening, I expect. 
First, all of you who have been in the steel industry very 
long know very well the great house, the great business, the 
large wealth and the splendid standing of August Thyssen. 
He has left this world for a better one. But he has left two 
sons, at least two, I do not know how many more. Fritz is 
now the president of the new steel combination in Germany, 
and the other, August, named for his father, is with us today. 
Another guest is Prince Hohenlohe-Langenburg; his mother 
is the sister of the Queen of Roumania. We have also with us 
Count Edward Oppersdorff. I will ask them to stand for a 
moment. 

You notice, gentlemen from Germany, that every man 
here looked into your faces. He did not turn his back; he 
did not go out of the room; he did not sneer or snarl. That 
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is the way we feel towards the German industrialist. That is 
the way we will always treat you to the best of our ability. 
All we ask is a reciprocal disposition, and I am sure we will 
get it. 


The first article is entitled ‘‘ Corrosion of Structural Steel.”’ 

Does structural steel corrode? 
- A Voicr: Not Bessemer. 

JupGcE Gary: If it does, what are you going to do about 
it? Perhaps we shall find that out. Mr. Campbell, who is 
largely interested in the business, will give as much as five 
dollars to anyone who will tell him. We expect there are 
other men who would give five or six. Gentlemen, please 
listen attentively. All of the subjects to be discussed today 
are timely and very important to our business. There is no 
great secret in them; we would be glad to have our competi- 
tors at home or abroad know all we know about them. Any- 
how listen and hear what is being done. I know we are all 
working particularly on this very question. 

It is really wonderful how well the Committee, headed by 
Mr. Farrell, have attended to their duties in regard to the 
subjects that have been decided upon for discussion. And it 
is more wonderful to consider and to learn how much study 
and thought have been given to the subjects by the gentle- 
men who are going to read papers or comment on the papers 
that are offered today. We shall take great pleasure this 
evening in stepping aside for a moment to permit these 
gentlemen who are to discuss these matters today to stand 
up and to see the confidence and respect and real affectionate 
regard which the steel industry has for them; to see how glad 
we are to give them this little honor of appearing before an 
audience of fifteen or eighteen hundred experts and receiving 
their plaudits. 

This subject, ‘‘Corrosion of Structural Steel,” is to be 
discussed by Mr. F. N. Speller, Metallurgical Engineer of the 
National Tube Company, Pittsburgh, Pennsylvania. 

I am very glad to know that Mr. Schiller, who became so 
rich and so well satisfied to take life a little easier, is here 


—— 


—— 
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with us today, and that he will have the opportunity of 
listening to one of his own former subordinates discussing 
this question which has been considered so important. And 
we hope to be competitors in this line of business, like Mr. 
Campbell and others in front of us, whose names I do not 
mention for the reason that some of you may not know who 
is in the business, and we would rather you would not know 
it until we get along a little further. 


CORROSION OF STRUCTURAL STEEL 


F. N. SPELLER 
Metallurgical Engineer, National Tube Company, Pittsburgh, Pa. 


Soon after steel had become generally used as the frame- 
work of modern structures, the question of the possible failure 
of large structural steel buildings by corrosion was raised 
and within the past year this has again been the subject of 
sensational articles in the daily press. This question was the 
subject of a popular address last winter by a New York 
architect, which aroused a considerable amount of dis- 
quieting discussion. Structural steel has been widely used 
for this purpose for. thirty-five years and more with no 
Serious consequences up to the present, but it is well to con- 
sider and determine whether adequate precautions are being 
taken to prevent impairment in the strength, especially in 
large modern steel buildings. When the Madison Square 
Garden building was demolished last year, the structural 
iron and steel was found to be almost free from corrosion 
after thirty-five years’ service, except in a portion of the 
tower where copper sheathing, which was supposed to pro- 
tect the steel work, had been perforated by corrosion. No 
particular care was taken to maintain the structural frame- 
work, most of which received little or no attention during 
the life of the building. The small portion of the structural 
steel in the tower which was subjected to corrosive elements 
was nearly destroyed. This illustrates forcibly the need of 
periodic inspection wherever such destructive agencies may 
have access to the metal. There are a few similar cases on 
record where portions of steel structures have suffered serious 
damage, due to lack of protection and neglect to apply proper 
precautions. In spite of lack of attention, however, disas- 
trous failures have not occurred in steel frame buildings after 
thirty-five years, and it appears certain that with proper re- 
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gard to protection of the steel work in design, inspection and 
maintenance, the life of steel structures may be prolonged 
almost indefinitely. 

Corrosion is the most common cause of deterioration of 
metals. Several general estimates of the wastage of iron by 
corrosion have been made, some of which are little better 
than a guess. The actual loss of structural steel from this 
cause, however, is relatively small, but while conservation 
of the metal is important, it is, of course, a minor considera- 
tion compared with the maintenance of the strength of 
the structure. 

Some metals have a strong tendency to revert to the form 
in which they occur in their natural ores and, as is well 
known, this is particularly true of iron when exposed to cer- 
tain external elements. Iron in oxidizing to Fe,O; evolves 
1746 calories per gram of the metal and this indicates ap- 
proximately the inherent tendency of iron to return to 
this combination. This fact perhaps has not always been — 
recognized by architects and engineers as it should be, but 
it is now more generally understood that, where permanence 
and reliability are desired, preventive measures against cor- 
rosion should receive as careful consideration as other details 
in the design of the structure. 

During the past ten or fifteen years much has been done 
toward a better understanding of corrosion and its preven- 
tion in engineering structures. This discussion is confined to 
the framework of steel structures such as bridges and steel 
frame buildings, but not to piping, roofing and other acces- 
sories, except as they have a bearing on the main problem of 
the safety of the structure as a whole. 


ImpoRTANT Facts AND FACTORS 


Before proceeding to the practical phase of this subject, 
it may be well to mention some of the more important facts 
which have been established regarding corrosion in general. 

Iron will not corrode in the absence of moisture. 

Oxygen always accelerates corrosion and in most ordinary 
cases it is essential to corrosion. 
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Underwater corrosion has been shown to be proportional 
to the dissolved oxygen present. 

Acids accelerate corrosion with evolution of hydrogen, 
while alkalies tend to retard corrosion even in the presence 
of oxygen. 

Certain elements in iron tend to cause a loose rust, while 
others such as copper and chromium form a dense adherent . 
coating or film, especially in the atmosphere, which affords 
more or less protection. The initial rate of attack is therefore 
usually high and decreases with the formation of natural pro- 
tective coatings. 

Increase in velocity of motion and temperature both 
accelerate corrosion. 

Stress and strain have been shown to accelerate corrosion 
locally, the most stressed part usually being anodic to adja- 
cent areas. Some recent tests at the United States Experi- 
mental Station, Annapolis, suggest that even a slight corro- 
sion acting with alternating stresses causes a lower endurance 
limit to fatigue. The composition of structural iron and steel 
within the variations usually found in practice has little or 
no effect on corrosion under water but sometimes exerts a 
marked effect in atmosphere or acids. Homogeneity of a 
metal is not usually so important (in this respect) as are 
factors external to the metal. 

Dissimilar metals, or certain non-metallic substances in 
contact with metals in a conducting solution, tend to set up 
electrolytic action and accelerate corrosion locally, causing 
pitting. The one that happens to be the anode will of course 
corrode more rapidly than the other. 

Variations in concentration or composition of solutions in 
contact with a metal also cause differences in electric poten- 
tial on the metal surface and tend to localize corrosion on 
certain areas and retard the action at others. For instance, 
when a portion of the surface of iron-exposed under water is 
protected from diffusion of oxygen by some porous substance 
such as wood or dirt, it becomes anodic to other areas in 
contact with a solution richer in oxygen, 7.e., corrosion is more 
active at such protected areas. 
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The smaller the anodic areas in comparison with the 
cathodic areas, the greater the penetration at the anodic 
parts, 2.e., the fewer and smaller the area of pits, the deeper 
they tend to penetrate into the metal. The usual aim is to 
have all parts of a structure of the same electrical potential 
one to another, but as this is impracticable, it would seem to 
be best to make the vulnerable parts, such as rivets, slightly 
cathodic to other parts. This may be done by adding a small 
amount of copper to the parts which are intended to be 
cathodic. This, however, usually becomes an important factor 
only when the structure is submerged in contact with a good 
electrolyte, such as salt water. Fortunately the polarity is 
frequently reversed, especially in atmospheric corrosion, so 
that the tendency to pit is often neutralized. 

Rust does not propagate itself (as some have thought), 
but in the presence of other external elements essential to 
further corrosion, it may accelerate the action on the metal 
locally; in other cases, where the coating of rust is uniformly 
dense and adherent, it may retard further corrosion. 

MECHANISM OF CorRosION.—These and other facts have 
been satisfactorily explained by the electrochemical theory. 
A detailed technical discussion of this and other corrosion 
theories will be found in references! and?. The modern 
conception of the mechanism of corrosion is essentially based 
on the generally accepted theory of solution. Iron, like other 
elements, when first brought into contact with water, flashes 
into solution at a high initial rate, due to its strong tendency 
to enter solution and form more stable combinations. 
Happily for humanity and the iron and steel industry, this 
rate is quickly retarded by the invisible film of hydrogen 
plated out on the metal which opposes the solution of more 
iron. Protective films and coatings adhering to the metal, 
consisting mainly of the products of corrosion, still further 
obstruct the reaction between the metal and the water and 
this may cease entirely if no accelerating influences are pres- 
ent. Unfortunately, however, free oxygen ‘combines with 


1 The Corrosion of Metals,” Evans, U. R., Longmans, Greene & Co. (1924). 
2‘ Corrosion—Causes and Prevention,” Speller, F. N., McGraw-Hill Book 


Company (1926). 
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and removes the polarizing film of nascent hydrogen and per- 
mits the solution of more metal. Acidity also accelerates 
the reaction by preventing the formation of protective 
films and by facilitating the evolution of hydrogen gas. 
Thus the corrosion of iron, and some other metals, soon 
comes to a standstill in neutral or alkaline water free from 
dissolved oxygen. 

CLASSIFICATION OF CoRrRoston.—Before proceeding to 
the more practical side of this subject it is important to recog- 
nize several different types of corrosion. Much confusion 
has resulted through observers failing to recognize that, 
while the initial reactions are the same, the actual amount 
and character of corrosion is controlled by external factors. 
The results, therefore, may be relatively very different in 
different environment. Based on the characteristic external 
controlling factors, corrosion of iron may be roughly divided 
into the following types or classes: (1) Atmospheric, (2) 
Underwater, (3) Soil, (4) Chemical, (5) Electrolysis (due to 
stray currents). 

Corrosion in atmosphere is characterized by the large 
excess of free oxygen available compared with the amount of 
water, so that the quantity of moisture which reaches the 
metal surface and the time the metal is wet are the main con- 
trolling variables. 

When iron is totally immersed, the small amount of oxy- 
gen in solution (usually not over 7 or 8 parts per million) 
and the hydrogen-ion concentration (i.e., acidity or alkalinity) 
become the controlling factors. 

Where steel is in contact with more cathodic metals, 
moist soil, cinder fill, or similar material of irregular struct- 
ure, the contact effect usually predominates. 

Chemical corrosion includes reactions due to a wide vari- 
ety of solutions and vapors, as in the chemical industries. 

The fifth class refers to the action of stray electric currents 
leaving the metal, which is recognized as a type of accelerated 
corrosion, not always distinguishable from natural corrosion 
by the appearance of the products. 

In the corrosion of structural steel we have to deal mainly 
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with atmospheric corrosion, although where the metal is in 
contact with such material as porous concrete or loose dirt 
the conditions resemble soil corrosion and should be dealt 
with accordingly. Occasionally portions are totally immersed 
in water and the possibility of electrolysis should always be 
kept in mind. So there are at least four types of corrosion 
which may be found in steel structures and the means used 
to combat one type of corrosion are not, of course, necessarily 
applicable to. other types. 

INFLUENCE OF ComposiTIoN.—In considering this factor 
-it is fundamentally important to keep in mind the foregoing 
distinction between different types of corrosion. Variations 
in the range of carbon, manganese, phosphorus, sulphur and 
silicon within the tolerances permitted by standard specifica- 
tions for open-hearth structural steel have practically no 
influence on the corrosion rate in water or soil. In atmos- 
pheric corrosion, sulphur over .060 per cent. usually begins to 
exert an accelerating effect (in the absence of copper). In 
acid solutions the purity of the metal is important, but com- 
parative experience indicates that in domestic water and in 
contact with soil, dirt or cinders the composition of steel is of 
relatively small importance compared with factors external 
to the metal. Ordinary bessemer steel is apparently just 
as durable as open-hearth steel or ingot iron, or, for that 
matter, puddled iron under these conditions. The impression 
that wrought iron is generally more durable than steel has 
not been sustained by comparative tests in service and seems 
to have originated from the greater durability in air of 
wrought iron made from eastern ores, containing a few tenths 
of 1 per cent. of copper. 

Tt is now well known that wrought iron or steel contain- 
ing about 0.2 per cent. copper is several times more durable 
than the same metal with less than 0.03 per cent. copper, 
when exposed in the atmosphere. This is particularly true 
in industrial districts, so that copper-bearing steel now finds 
a useful application in the design of exposed parts of steel 
structures. This advantage does not usually hold under 
water or in corrosive soil. The evidence bearing on these 
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questions has been recently summarized by the writer 
elsewhere.* 

The slow-rusting steels, such as those containing from 13 
to 26 per cent. chromium, will last considerably longer but 
these are not generally available for structural purposes as 
yet on account of the high cost, except for small and impor- 
tant parts, where expense is a minor consideration. 

The main advance in knowledge of corrosion during the 
past ten or fifteen years has been in a better understanding 
of the influence of many external factors, the most important 
of which are referred to above. This has led to the conclu- 
sion that differences of potential on the surface of metal 
more often originate from external causes than from differ- 
ences in composition or other inherent properties. The rec- 
ognition of the importance of dissolved oxygen and of 
self-healing surface films, and the development of slow- 
rusting ferrous alloys of copper, chromium and nickel, are 
other outstanding developments of this period. 


PREVENTIVE MEASURES 


In attempting to briefly summarize the means which 
have been successfully employed to combat corrosion, this 
discussion will be confined to the consideration of the steel 
framework of buildings, bridges and similar structures. It 
is important to bear in mind the different types of corrosion 
referred to above, for the methods which have been success- 
fully used to control corrosion in water and steam piping, 
steam boilers, refrigerating and other closed systems by 
elimination of dissolved oxygen, or by the use of inhibitors 
in solution, cannot of course be applied in most cases to metal 
exposed to weather conditions. When so exposed, an excess 
of free oxygen is always present, so that the crop of rust is 
about proportionate to the moisture present and the time it 
is in contact with the metal. 

PROTECTION OF BripGEs.—Most of the corrosion found 
in steel bridges occurs in the horizontal structural members 
under the floors, particularly where they are exposed to cor- 


®See reference *, pp. 102-119, 267-271. 
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rosive drainage or to the action of locomotive waste gases. 
The latter have a severe abrasive effect as well as being 
highly corrosive. 

Wooden fillers or accumulations of dirt on the metal 
retain moisture and have an electrolytic effect in accelerating 
corrosion similar to the action of some soils. Generally 
speaking, therefore, the structure should be so designed that 
all parts are accessible so that they may be inspected and 
kept clean. Any inaccessible pockets should be filled 
with concrete. 

The elimination of corrosion is mainly a problem of design, 
protection and maintenance. To prevent accumulation of 
dirt, girders should rest on cast-steel shoes at least 8 inches 
above the supporting masonry. The top laterals and lateral 
plates should not be too close to the top flanges of girders 
and stringers. Pockets should be avoided as far as practic- 
able. Rollers are often too small and should be at least 8 
inches in diameter and geared to their shoes. Guide bars on 
the center of rollers interfere with thorough cleaning of the 
rollers and should be omitted. Side bars should be easily 
removable to facilitate cleaning. Rollers may be sprayed 
with kerosene oil before cleaning but at other times should 
be dry and open to the wind. Rollers should be cleaned at a 
low temperature early in the morning and again during the 
hottest part of the day. Copper-bearing steel or chrome steel 
might be used to increase the life of rollers. 

Asphalt, paint, and concrete have been generally accepted 
as the best protective materials available for bridge work. 
Paint to be effective should be renewed at intervals of three 
or four years, so is obviously not suitable for permanent pro- 
tection of parts which are inaccessible or subjected to very 
severe corrosion, as under the blast of a locomotive. In apply- 
ing paint, it is now well recognized that to secure a good job 
the metal surface must be free from moisture, dirt, loose mill 
scale-or other foreign material. Cleaning may be carried out 
in practice by sandblasting, scratch brushing or pneumatic 
tools. A thick rust scale cannot be removed by sandblasting 
alone. The priming coat should be applied later in the day, 
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when the metal is somewhat warmer and perfectly dry. All 
depressions should be thoroughly wetted with the primer, as 
when these are bridged over, water pockets and pit holes 
may be formed under the paint, because paint films are more 
or less porous. The priming coat should carry an inhibitor, 
such as red lead, zinc chromate or lead chromate, and should 
be of a different color from the finishing coats. Red lead is 
still highly favored for priming, although the care in applica- 
tion and the condition of the metal surface are relatively 
more important than the paint mixture. 

Cost or Parntina.—Mr. A. W. Carpenter (New York 
Central Railroad) in discussing Mr. Frank W. Skinner’s 
paper‘ gives an estimate of the cost of painting bridges. 
His figures indicate a probable cost of 25 to 50 cents per ton 
per year for cleaning and application of one coat, depending 
upon the class of bridge. This is based on one coat every 
three or four years. Mr. A. R. Raymer (chief engineer, 
Pittsburgh and Lake Erie Railroad) has recently advised 
the writer that about 56 cents per ton per year will represent 
the average cost for maintaining paint on their steel bridges, 
based on 1923 prices and on cleaning and applying two coats 
of paint every eight years. 

It is usually advisable to make bridge floors watertight 
to prevent drainage from refrigerator, cattle and coal cars 
reaching the supporting members under the floor. Two or 
three layers of saturated roofing felt intercoated with molten 
waterproofing asphalt may be used for this purpose after 
the foundation has been thoroughly swabbed with hot coal- 
tar pitch or asphalt. 

Where the lower part of the structure is subject to the 
action of the blast from locomotives passing underneath, it 
is well to keep as much of the structure as possible above the 
floor and protect the lower exposed members with at least 
two inches of good reinforced concrete. Methods of applying 
concrete to bridge girders are described by Fay.’ It is prefer- 


‘“The Life of Iron and Steel Structures,” Skinner, F. W., International 
Engineering Congress, San ‘Francisco, 1915. 


5“ Protection of Metal Structures,” Proc. Eng. § ef 
ids cet ; g. Soc., West. Pa., vol. 31, 
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able to finish the structure level under the floor. Blast 
shields are usually attached to the lower flanges of girders to 
protect the concrete and steel from abrasion under the blast 
from locomotives. Chilled cast-iron plates are usually used 
for this purpose, although lighter plates of high carbon or 
manganese steel might be safer and equally serviceable. It 
is generally considered inadvisable to paint steel work, par- 
ticularly reinforcing bars, to which concrete is to be applied 
as the paint film is disintegrated by alkaline water and pre- 
vents a good bond. However, there is a wide difference of 
opinion among engineers on this practice. If any paint is 
used under concrete, it should be waterproof and capable 
of resisting alkalies. Finely divided asphalt is now available 
in the form of a water emulsion which may be applied to a 
wet or dry surface by brushing or spraying. This might 
prove to be useful in coating the metal prior to the applica- 
tion of cement. On steel to be concreted, the New York 
Central Railroad engineers apply red lead or some other 
good primer in the shops, and one field coat of bituminous 
paint free from vegetable oils. If concrete protection is used 
at all, it should be a uniformly rich mixture properly applied 
to a thickness of at least two or preferably three inches. The 
concrete may be waterproofed to advantage in damp places. 
Concrete of a 1-2-4 aggregate when properly applied will stick 
firmly to clean steel and protect it from most kinds of corrosion 
except electrolysis from stray currents. (See page 286.) 

The protection afforded to steel by a wet cement mixture 
is probably due to the film of oxygen-free alkaline water 
retained against the surface of the metal. Concrete should 
preferably be allowed to set for several months before being 
exposed to sea water. In many cases it has been found true 
economy in the long run to protect steel with concrete under 
very corrosive conditions, such as where the metal is exposed 
to locomotive gases. Concrete or wood when impregnated 
with molten sulphur are very resistant to acids and many 
other chemicals, and may be useful in the construction of 
waterproof floors and tanks in chemical plants. 

When exposed above water in a corrosive atmosphere, the 
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reinforcing metal is sometimes corroded sufficiently to cause 
fracture of the concrete by the expansive force of the prod- 
ucts of corrosion. In hot weather the concrete becomes 
dried out, permitting access of moist air to the metal at other 
times. In such work the reinforcing bars should be thor- 
oughly protected by a dense well-mixed concrete. Above 
high water near the seacoast it is often advisable to galvanize 
or apply a good bituminous protective coating to the metal 
even though the bond to the concrete may not be so strong. 
In very corrosive air it has been recommended to do away 
with steel reinforcement as far as possible. A rich well-mixed 
concrete of sufficient thickness is the main requisite. 

Mr. Frank W. Skinner, in his comprehensive paper on 
‘‘The Life of Iron and Steel Structures’’4 in 1915, records 
the opinion of about one hundred engineers, most of these 
being specialists in structural building and bridge construc- 
tion, on the causes and prevention of deterioration in such 
structures. None of these experienced engineers doubted the 
practicability of prolonging the life of steel structures almost 
indefinitely, but many have called attention to the need of 
better maintenance. As Mr. Skinner points out in his paper, 
‘‘The maintenance of a structure should be under as careful 
and continuous expert engineering direction as its original 
design, construction and erection. It should comprise skilled, 
periodical inspection and supervision of cleaning, protection, 
repairs and minor renewals, and the tabulation and analysis 
of records of the same.”’ 

The late Professor Edgar Marburg * sums up the problem 
briefly and to the point in the following statement : ‘It may, 
I think, be safely affirmed that the life of an iron or steel 
structure will be indefinitely prolonged (1) if it is properly 
designed, (2) if the safe load limits be not exceeded, and (3) 
if it is effectively protected against corrosion, it being, of 
course, understood that extraordinary contingencies that 
may wreck a structure are left out of account. ’’ 

PROTECTION OF SrrucTURAL STEEL IN BurLpIncs.— 
Deterioration of structural steel work in buildings is found 


®See discussion of Skinner’s paper, reference 4, ibid. 
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mainly in parts to which corrosive solutions or water find 
access, such as under refrigerating equipment or kitchens, in 
boiler rooms, coal bunkers, near leaky steam or water pipes, 
under defective roofing or near outer walls through which 
water finds entrance. Investigations made of several steel 
frame buildings over thirty years old, such as the one men- 
tioned in the introduction to this paper, indicate that without 
any special attention to maintenance or precautions for the 
protection of the metal, the life of such structures was well 
beyond their period of usefulness, notwithstanding the fact 
that relatively small portions of some structures had suffered 
considerable damage.’ 

This experience indicates that there is no immediate cause 
for serious apprehension of failure, if proper attention is 
given to the corrosion problem in the design and maintenance 
of these structures. Generally speaking what has been said 
as to the protection of bridges applies also to the steel frame- 
work of large buildings. Members which may be subject to 
corrosion should be adequately protected from moisture and 
air. All riveted joints should be made after the priming coat 
has dried and should be as tight as possible. Rusting is liable 
to occur in joints to which water finds access and may even 
force the plates apart. 

X-ray inspection of old structural steel covered with 
cement or fireproofing material has been suggested, but in 
the present state of knowledge this would probably be mis- 
leading. However, it may be useful to measure the electrical 
conductivity of some members of the structure at intervals 
and provision might be made for such measurements in the 
framework of new buildings as a rough check on deteriora- 
tion of certain sections. 

Parntinc.—Most of the steel framework may be so pro- 
tected from the weather by the outer structure that three 
coats of paint is all the additional protection required during 
the life of the building—say fifty years. An examination of 


7 Rust—as Shown in the Removal of a Seventeen Story Building,” 
Thomson, T. K., Trans. Am. Soc. Civil Eng., vol. 71, pp. 200, 201. Discussion 
pp. 202-216 (1911). See also reference *. 
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the paint on several structures demolished after thirty-five 
years’ service has shown the paint to be in good condition 
where not exposed to unusually corrosive conditions. An 
examination of some of the steel frame in the basement of 
the Harriman bank building this year during repairs showed 
the red lead paint applied to girders and columns in the early 
’90’s to be in good condition under ordinary service. Here 
again the importance of proper maintenance must be empha- 
sized, as paints do not afford permanent protection when 
exposed to the weather or other very corrosive conditions, 
and it should be remembered that much of the structural 
steel work in buildings is practically inaccessible. 

Any leaks in steam or water pipes should be repaired with- 
out delay. If such leaks are caused by internal corrosion, 
remedial measures are now available and should be applied 
to prolong both the life of the pipe and the steel work of the 
building. (See reference 2.) 

The preparation of the surface and application of paints 
has been previously referred to in discussing protection of 
bridges. The ideal condition would be to remove all mill 
scale and apply a suitable priming coating (containing an 
inhibitor) to the clean dry surface of the metal. Such facilities 
are rarely found in fabricating shops and if used would add 
somewhat to the cost of handling and painting. Hither the 
spray or brush method will give good results in skilful hands. 

Some engineers prefer to leave the metal unpainted until 
it is erected and has weathered sufficiently to loosen any mill 
scale not firmly attached to the metal. The surface may then 
be scratch brushed or sandblasted just before painting. 

ASPHALT AND COAL-TAR PITCH applied over a priming 
coat of the same base or over red lead is usually more resis- 
tant to water than several coats of paint. Bitumastic swabbed 
over a bituminous priming coat has been used with good 
results, especially where the steel is continually exposed to 
damp air or under water. The foundation girders. of the 
Sampson building, Wall St., New York (1895-1919), were 
covered by a red lead priming coat and an cuter coat of hot 
asphaltum to protect them in the damp basement. The 
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metal was found to be in good condition after twenty-four 
years in this rather unusually severe environment. The 
water emulsion of asphalt (recently introduced) may prove 
useful for application to concrete or steel in damp places. 
CoNncRETE PRoTECTION.—It is generally agreed that two 
inches or more of well-mixed concrete affords the best pro- 
tection and that this means should be employed where severe 


i 


Fic. 1.—Corrosion of 15’ I Floor Beams in Steam Power Plant, Prudential 
Insurance Company, after 30 Years’ Exposure to Coal and High Humidity. 


corrosion is to be expected, as in steel coal bunkers, except 
in locations where the concrete is kept damp and subject to 
stray currents. Figs. 1 and 2 show the condition of some 
of the steel work after being in contact with coal for about 
thirty years. Neither paint nor asphalt coatings afford 
sufficient protection in such environment. 

As a tule reinforcing bars need no protection if covered to 
a depth of at least two inches with well-made concrete, but 
it is advisable to coat the metal to be embedded in concrete 
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with a thin layer of neat cement grout just before covering 
with concrete. A cement gun may be used to advantage in 
such cases, or for the application of thicker coatings. 

None of the foregoing coatings is proof against electrolysis 
due to stray currents. 

Precautions should be taken to prevent, as far as possible, 
the circulation of air between fireproofing and the steel frame- 


Fig. 2.—Condition of Steel Beams at Time of Removal from Coal Bunkers 
of Brooklyn Edison Co. Power House, after 27 Years’ Exposure. 
work. Steel work may be given an outer waterproof coat- 
ing of asphalt or bitumastic in the basement where there is 
danger of moisture being present. Basements should, of 

course, be made waterproof as far as practicable, 
ELECTROLYSIS may cause serious damage to structural 
steel work. Nevertheless very few cases of this kind have 
been found, owing, no doubt, to the precautions which have 
been practiced by engineers to guard against such damage.® 


8“ Effects of Electrolysis on Engineering Structures,” Ganz, A. F., U. 8. 
Bur. Standards, Tech. Paper No, 18 (1915). 
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. Fig. 3 shows the condition of some track spikes which 
were removed from an electric railroad roadbed which was 
evidently not well drained. The precautionary measures 


Fig. 3.—Track Spikes Corroded by Stray Currents in Poorly 
Drained Track. 
which should be taken where stray currents are likely to be 
running loose include the insulation of the structure from the 
earth and adequate provision for conducting return currents 
back to the power station through other paths than through 
the earth. All metal conduits and cable sheaths entering 
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buildings should be provided with insulating joints in dis- 
tricts where stray currents are likely to be found. 

The steel columns should rest on dry masonry piers ele- 
vated above the basement floor. It is a question whether it 
is better to encase such columns in concrete or cover them 
with fireproofing material that can be removed for inspec- 
tion and re-painting of the steel. Wire connections should be 
installed so that tests may be made to detect stray currents 
in locations where stray currents may occur. These connec- 
tions may also be used to measure the conductivity of the 
member to determine any reduction in section as suggested 
above. In making such tests in buildings, care should be 
taken to avoid being misled by galvanic and thermo-electric 
effects. Stray currents, if permitted to leave the building 
through the foundations, may destroy the anchor bolts and 
the foundations. All metal piping should be insulated from 
direct contact with the steel framework as far as possible 
and, of course, the electric wire system should be installed 
with especial precautions as to insulation. Where current 
leakage is found it should be corrected without delay. 

The New York Central Railroad Terminal building in 
New York City is a good instance of the successful protection 
of steel building construction against electrolysis. The elec- 
tric train rails are all laid on wooden ties placed on clean 
well-drained rock ballast, out of metallic contact with the 
adjacent building or earth. From time to time the bases of 
columns most likely to be attacked in this building have been 
uncovered during the past twenty years without finding any 
evidence of electrolysis. 

Concrete may become saturated with soluble salts or 
other electrolytes and thus become a much better conductor 
of electricity. The reinforcing bars may take up the current 
causing the destruction of the metal and the shattering of 
the concrete by the expansive force of the products of cor- 
rosion. Instances of failure of reinforced concrete electric 
line poles have been reported, evidently due to natural cor- 
rosion in the presence of oxygen and electrolytic attack on 
the reinforcing bars. 

A striking instance of the destructive action of salt solu- 
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tions and return currents was found recently in a heavy con- 
crete and steel frame building which was used for twelve 
years in the manufacture of potassium chlorate and chromate 
by the electrolytic process. Portions of the steel frame were 
thickly covered with concrete, heavily reinforced with ?- 
inch twisted bars. There was a considerable leakage of saline 
solutions from the cells on the upper floor of this building so 
that the concrete was kept wet and was more or less satur- 
ated with a solution of these salts. To make matters worse, 


Fig. 4.—Reinforced Floor Beams Destroyed by Corrosion and Electrolysis of 
Steel Embedded in Concrete. 
steam was liberated from cooling tanks on a lower floor and 
there was considerable leakage of current from the cells. It 
is not surprising that under these conditions failure of the 
reinforced beams started after a few years, as illustrated in 
Fig. 4, by splitting of the beams along the lines of the rein- 
forcement, followed by disintegration of the interior of the 
beams due to the corrosion of the structural steel center. 
This created a considerable hazard and in removing the floor 
some of these beams were found to be so weakened that they 
would not sustain their own weight. The lower portions of 
the steel columns, encased in concrete, were found to be 
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much more corroded than the upper parts which were only 
covered with paint. The damage was more marked near the 
positive bus bar. The corrosion was probably due to the 
oxidizing electrolyte in the concrete and to cathodic reac- 
tions induced by the return currents from the cells through 
the concrete to the reinforcing bars and structural members. 
The iron oxides and water, formed as products of the corrosion 
of the metal, exerted sufficient force to shatter the concrete. 

Evidently it would be safer to leave steel framework 
entirely exposed where stray currents and saline solutions 
are likely to occur. The steel work may then be protected 
by a red lead priming coat with a sufficient outer coat of 
waterproof bituminous material. Ample provision should be 
made for well-insulated return lines and the columns should 
be insulated from the earth. Any concrete floors used in such 
a situation should be well waterproofed and insulated from 
the framework as far as possible. It is perhaps preferable to 
design concrete for such conditions without the use of steel 
reinforcement. 

CINDER CONCRETE usually accelerates corrosion of metal. 
As in soil corrosion this is due to the contact effect of dissim- 
ilar materials and to the soluble corrosive compounds in the 
cinder. This material is useful as a filler under floors on 
account of its lightness and low cost, but its use is discour- 
aged by some engineers, due to the damage to piping and 
other metal work which has resulted when not protected 
from contact with moist cinders. By using a rich cement 
mixture with about as much lime as cement, the corrosion 
rate may be greatly retarded under such conditions. 

All important metal work should be protected from con- 
tact with cinder concrete by a thick swabbing of coal-tar 
pitch, a layer of saturated and coated felt, or both. 


SUMMARY 


Certain portions of steel structures are subject to active 
corrosion which might cause serious failure if adequate pro- 
tective measures are not applied. The proportion of the 
structure subject to serious deterioration in this way is, how- 
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ever, relatively small and experience of the past thirty-five 
years has not shown any disastrous failures. As steel build- 
ings are being designed for more permanent service, the 
question of protection from corrosion becomes more impor- 
tant. More data are needed as to the vulnerable points in 
building construction and the most economical means of pro- 
tection. At present the opinions of engineers differ consider- 
ably as to the best protective measures. Good painting is 
sufficient for permanent protection of members which are 
otherwise protected from the weather and other corrosive 
‘elements or which are accessible for renewal of the coating. 
A thick coating of molten asphalt or well-refined coal-tar 
pitch may be applied to the cold metal over a suitable prim- 
ing coat where waterproofing is required. Concrete undoubt- 
edly gives the best protection when properly applied to the 
clean metal, but this also has its limitations as noted above. 

Valuable data may be obtained by a systematic exami- 
nation of the steel work during the demolition of old struct- 
ures. The analysis, structure, physical properties and endur- 
ance limit of this old steel under alternated stresses should 
be determined as well as the amount of corrosion. It has 
been suggested that the vibration and continued strain in 
the steel frame of large buildings may change the crystalline 
structure, but, so far as is known to metallurgists, no change 
occurs in the structure of steel under such conditions of ser- 
vice. Many old structures are available for examination 
each year in this city. Some permanent means should be 
established for the inspection and testing of these structures. 
It is suggested that a representative commission of engineers 
be appointed to examine and report on the condition of the 
-gteel work in old buildings, especially when they are being 
demolished to make way for new structures. This body 
should have no political affiliations, but might well be spon- 
sored by one of the national engineering societies. The rec- 
ommendations of such a commission should afford valuable 
suggestions for improvements in the design and maintenance 
of steel structures, and should tend to set at rest any appre- 
hension as to their safety. 
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Judge Gary called upon Mr. John A. Topping, Vice- 
President of the Institute, to take the chair. 

Tur CHarrMan (Mr. John A. Topping): Mr. Speller’s 
very interesting paper will be discussed by F. W. Skinner, 
Consulting Engineer of this city. 


Discussion BY FRANK W. SKINNER 
Consulting Engineer, New York, N. Y. 


Mr. Speller’s admirable paper on the corrosion of struc- 
tural steel worthily supplements his recent book on ‘‘Cor- 
rosion, Causes and Prevention, an Engineering Problem.” 
The book is an exhaustive, scientific treatise, dealing authori- 
tatively with the theories and principles of corrosion, pre- 
senting chemical formule and reactions, and presenting 
researches, observations, deductions and conclusions cover- 
ing the technical field and giving invaluable data to the 
engineer and student. 

This paper, summarizing portions of the book, condenses 
and simplifies the principal points, presents a brief and com- 
prehensive account of the actual inception, progress, and 
essentials of ordinary corrosion of important steel structures, 
classifying the principal types of corrosion, showing how and 
why they occur, what are their relative importance, and gives 
very valuable information regarding specific illustrations, 
practical methods. of prevention and the cost and relative 
advantages of their application. 

The subject has been so completely and conservatively 
presented that no adverse criticism can be offered; few or 
none of the statements can be questioned and only high 
appreciation may be expressed for the undoubted practical 
value to all interests associated with the manufacture, design, 
fabrication, erection, protection, maintenance, ownership and 
financing of steel structures of all sorts. 

The tremendous sums involved annually in this country 
for all sorts of engineering and building construction have 
necessarily stimulated all kinds of good and bad designs, 
materials, methods, and operations, and many persons, unfor- 
tunately including sometimes both designers and builders 
who should know and do better, have used unsuitable mate- 
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rial and improper methods and have been inspired by igno- 
rance, greed or dishonesty, or by all of them, to make many 
misrepresentations concerning the strength and durability 
of materials, for competitive reasons. Often, although absurd, 
false or exaggerated, these assertions are given currency in 
influential publications and undoubtedly mislead a portion 
of the general public, besides, in some cases, having a bad 
effect on builders and designers who should be superior to 
such unfounded assertions. 

In particular, misleading and injurious statements and 
intimations have been made with the deliberate intention of 
discrediting the strength, durability and safety of structural 
steel. Some of these have gone so far as to impugn the safety 
of the steel framework of our splendid office buildings as was 
the case in a deplorable, unjustifiable reflection passed upon 
them by a New York architect in signed communications 
published in some of the principal metropolitan dailies. 
These assertions were completely refuted in the same publi- 
cations and their author could make no rejoinder to excuse 
or explain his unwarranted assertions. 

The knowledge of the existence of insidious and often 
open propaganda against the safety and durability of steel 
structures determined the writer several months ago to make 
an elaborate nation-wide investigation of the present con- 
ditions, susceptibility to corrosion, damage from corrosion 
and the prevention of corrosion in, and the practical dura- 
bility of, structural steel under existing and reasonable con- 
ditions in bridges, buildings, and some of the other most 
important engineering and architectural structures in this 
country. From the results of this investigation, which almost 
uniformly corroborate and amplify Mr. Speller’s paper, the 
writer wishes to present some facts, figures and statements 
supplementing the suggestions for preventive measures and 
elaborating on the more common causes for the corrosion 
of structural steel, the best methods of their elimination, and 
the remarkable amount of protection that has been and can 
be afforded on the long life that has already been attained 
and may generally be assured for nearly all kinds of steel 
structures. 


2994. AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


A careful consideration of these data, together with those 
of Mr. Speller’s paper and book, irresistibly demonstrates 
that, admitting the inherent tendency of steel to corrosion 
wherever moisture and oxygen are present and nowhere else, 
it simply requires proper design and construction, suitable 
protection, and reasonable inspection and maintenance to 
conserve the full strength and insure the unimpaired dura- 
bility, so far as corrosion is concerned, of nearly all steel con- 
struction, under even very difficult conditions for an almost 
indefinite period, not unlikely of centuries, and certainly, 
except in the most extreme cases of artificial conditions or of 
improper use, as when steel was not suited for the purposes 
to which it was applied, for a length of time generally much 
exceeding the period before obsolescence or deliberate 
removal terminate the usefulness of the structure. 

Several hundred responses were received to an elaborate 
questionnaire sent by the writer to personal friends and 
acquaintances in all parts of this country and in Canada, and 
to users, designers and maintainers of steel structures selected 
from eminent engineers and others in the membership lists 
of the American Society of Civil Engineers, American Insti- 
tute of Architects, and chief engineers, bridge engineers, and 
engineers of maintenance of way on the principal railroad 
systems. 

About 17,000 items of their replies were carefully classi- 
fied and tabulated and among the more important answers 
to specific questions, which were replied to with numerous 
variations and qualifications of the direct positive or negative 
answers, 38 per cent. state that corrosion does not endanger 
the safety of any structure, 90 per cent. say that it does not 
endanger the safety of viaducts and bridges, 30 per cent. 
state that buildings have endured many years without injury 
from corrosion, 19 per cent. state that bridges have endured 
many years without injury from corrosion, 47 per cent. state 
that no structures are seriously injured by corrosion, 80 per 
cent. state that all structures may be protected from corrosion. 
An average of all replies is that bridges may be 89 per cent. 
and buildings 94 per cent. perfect in the protection from cor- 
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rosion, 52 per cent. say that the best protection from corrosion 
is afforded by painting and cleaning and 23 per cent. say that 
it is by enclosing in concrete. 

Ninety per cent. have no fear of serious results from cor- 
rosion in well-designed and well-maintained structures; 90 
per cent. believe that there is no limit to the life of properly 
protected steel; 90 per cent. believe that closed mill buildings 
and buildings of that class, are safe when properly treated ; 
36 per cent. consider that the worst neglect causing corrosion 
is inadequate painting; 24 per cent. consider the worst neglect 
to be that of lack of cleaning; 45 per cent. consider red lead 
to be the best priming coat for bridges and 40 per cent. for 
buildings; while an average of all the answers received fixes 
the perfection of protection that can be provided against 
rust in bridges and buildings at 89 per cent. and 94 per cent. 
respectively, while 30 answered that bridges and 43 answered 
that buildings can be 100 per cent. perfect in their protection 
against corrosion. 

The questionnaire contained 63 different questions and 
establishes the fact that it is substantially the uniform 
opinion of the experienced and responsible engineers, archi- 
tects and builders: 

That structural steel will rust if not properly treated. 

That it will not rust if properly treated. 

That it has practically unlimited working life. 

That rust in principal structures is mainly caused by a 
limited number of specific conditions. 

That certain parts of all structures are more susceptible 
than others to rust. 

That all structures can be protected from serious rust. 

That electrolysis is usually negligible. 

That rust can be removed after it has commenced. 

That rust will not become dangerous without warning. 

That steel is the most reliable of all building materials. 

From the records of nearly 100 personal conferences and 
correspondence with eminent engineers, architects and 
builders, the following statements have been summarized. 

C. W. Bryan, Chief Engineer, American Bridge Company : 
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I know of no railroad bridge and of no building that has ever 
failed from corrosion. I know of no case of serious corrosion 
in the thousands of tons of steel buildings erected by the 
American Bridge Company. Probably one million tons of 
steel bridges were erected in this country between 1890 and 
1900 nearly all of which are still in service, except when too 
light for increased traffic. 

Robert Ridgeway, Chief Engineer, Board of Transporta- 
tion, New York City: In the New York subway system, 
including the open air structures, there are about 750,000 
tons of structural steel some of which has been 25 years in 
service, all without corrosion excepting some anchor bolts. 

E. A. Byrne, Engineer of Plant and Structures, New York 
City: On the 47 bridges in New York City, that have cost 
$124,000,000, serious corrosion is prevented and the struc- 
tures are maintained in excellent condition and unimpaired 
strength, good for an indefinite life, by means of thorough 
inspection, cleaning and painting. . 

J. L. Vogel, Bridge Engineer, Delaware, Lackawanna «& 
Western Railroad Company: In our 400 bridges up to 40 
years old, careful cleaning and good painting eliminate all 
danger of corrosion. Too much emphasis cannot be placed on 
the order and manner in which steel work should be taken 
care of. 

R. Farnham, Engineer of Bridges and Buildings, Pennsyl- 
vania Railroad System: I have never known any decently 
treated steel structures to fail from corrosion. On the Penn- 
sylvania road east of Pittsburgh about 500 bridges (most of 
them steel) built previous to 1897 are now in excellent condi- 
tion, notwithstanding the large increase in loads to which 
they have been subjected. Like bridges, steel buildings may 
be made immune to corrosion, if properly designed, main- 
tained and protected, although it is sometimes very difficult 
to carry out all of these requirements. 

George H. Pegram, Chief Engineer, Interborough Rapid 
Transit Company: It is entirely practicable to design, pro- 
tect and maintain steel structures so that they will be per- 
manently free from corrosion. Exposed surfaces must, of 
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course, be well cleaned and painted and enclosed surfaces 
must be thoroughly cleaned, dry and well-painted before 
they are closed. There is no reason why bridges and other 
steel structures cannot have indefinite service life assured to 
them by practical methods and reasonable expense for 
maintenance. 

Herbert C. Keith, Consulting Engineer: I have made per- 
sonal inspection of more than 20,000 bridge spans, the large 
majority of which were of steel. Probably three-fourths of 
them carried trolley tracks, either alone or in conjunction with 
highways. Most of them are still in service, though many 
of them were built many years ago, the largest part of them 
in New York and in the New England states where climatic 
conditions are severe. With proper design and adequate care 
and maintenance, I believe that bridges can have absolutely 
reliable strength and durability for a practically unlimited 
life. If the structural steel in a bridge or building or other 
structure is properly designed, protected and maintained, 
I believe that, so far as corrosion is concerned, its life would 
be unlimited. 

G. P. Hand, Chief Engineer, Lehigh Valley Railroad 
Company: There are on the lines of this railroad, 70,000 
linear feet of bridge structures covering 868 different open- 
ings. The oldest structure, of wrought iron, on a side track, 
is about 60 years old and none of the structures are replaced 
except on account of accident or because of unduly increased 
loads. Deterioration of bridges is due mainly to the traffic 
rather than to corrosion. We generally find no difficulties from 
corrosion of structural steel in station buildings, sheds, ware- 
houses, towers and the like, except in unheated buildings 
where condensation may occur. 

F. A. Howard, Engineer of Structures, Hrie Railroad 
Company: If it were possible to keep the steel work of struc- 
tures properly cleaned and painted, corrosion would not 
shorten their lives nor require replacement or reinforcement 
of members. Replacements of entire structures are rarely 
due to any cause but increased loading or obsolescence. 

W. Kleinert, Superintendent of Buildings, Borough of 
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Brooklyn: In more than 30 years of experience with thou- 
sands of buildings I have never observed any structural steel 
work that was materially injured or weakened by corrosion. 
When properly designed, maintained and protected, the 
structural steel framework of buildings should last for hun- 
dreds of years. 

Watson Vredenburgh, for Hildreth & Company, consult- 
ing and inspecting engineers: In about 40 years our firm has 
inspected an average of 150,000 tons of steel construction 
and 10,000 tons of steel structures annually and our observa- 
tions and experience assure us that there are no places where 
steel structures may not be so designed, protected and main- 
tained as to be free from corrosion and to have a practically 
unlimited working life, barring accidents or changed condi- 
tions and requirements. The main essentials to such maxi- 
mum durability are thorough cleaning and painting with 
good durable waterproof paint before incipient corrosion 
commences. 

Aubery Weymouth, Chief Engineer of Post & McCord: 
Structural steel exposed to moisture and acids will corrode, 
but if in a properly designed and maintained building it is 
possible to say it is in no danger of serious corrosion. With 
present building standards there is no danger of corrosion. 

J. P. Carlin, President, P. J. Carlin Company: 100 per 
cent. painting is 100 per cent. protection for structural steel. 

R. J. Palmer, Engineer, G. A. Fuller Company: I have 
never observed corrosion in principal members of a steel 
building frame and do not believe that it can occur in interior 
members. We recently re-used 300 tons of the framework of 
an old hotel building, being altered, that showed no corrosion. 
In another New York building, 35 years old, the paint was 
still hard and glassy, as when new, and the steel was abso- 
lutely uninjured. The greatest danger of corrosion in build- 
ings is on account of the haste, carelessness, and inefficiency 
of the work. Good work would eliminate danger. 

Frank Price, who transported from Egypt and erected in 
Central Park the famous Cleopatra’s Needle, removed from 
the original foundation masonry pieces of 1% x %&-inch 
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wrought iron clamps not seriously wasted by corrosion after 
an exposure of 2,000 years to air and moisture in Alexandria, 
Egypt. 

The Consolidated Gas Company of New York, has never, 
on account of corrosion, removed any of their 500,000 tons 
of structural steel work. 

One of the largest eastern railroads has maintained its 
own paint manufacturing plant and prepares great quan- 
tities of paint from its own formule which varies for differ- 
ent needs. 

The submerged parts of 60,000 tons of the Panama Canal 
Lock Gates have been successfully protected from corrosion 
for twelve years by the original application of one hot coat 
of bituminous enamel. . 

The Metropolitan Insurance Company, New York, 
annually inspects and approves about 80,000 tons of steel 
structures and has never found any of them to be seriously 
corroded although the light exposed roof structures and steel 
in the hollow brick and terra cotta construction are often sub- 
ject to severe corrosion which could be avoided by proper 
protection. 

Some of the New York Central and Hudson River rail- 
road bridges have been in service 40 years and show no signs 
of corrosion. None on that system show electrolysis. 

Jacob Volk, New York City housewrecker, has demolished 
200,000 tons of structural steel framework and has never 
found any dangerously corroded, seldom seriously corroded, 
even although under bad conditions. Ninety per cent. of the 
floor beams removed from such structures are re-used. 

The engineer of a prominent New York architect of tall 
buildings states that the only instance he ever knew of 
dangerous corrosion in steel building framework was due to 
conditions that could well have been avoided and that there 
is no cause for fear of injurious corrosion with proper condi- 
tions and maintenance; and that the life of steel framework 
of buildings is undoubtedly greater than the life of the 


structure. 
It has been observed, in some elevated railroads and in 
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some other structures, that when light plates and shapes are 
riveted together with a spacing of more than 7 inches between 
rivets, the moisture may penetrate between the contact sur- 
faces and cause injurious corrosion that bulges the steel and 
sometimes breaks the rivets, a difficulty that obviously can 
be very easily overcome by decreasing the rivet pitch. 

The New York City municipal pier sheds are exposed to 
severe salt air and water conditions and generally are re- 
painted every 2 years. Although some of them have been 40 
years in service none of them has had serious corrosion and 
none has ever been replaced or reinforced. 

An eastern railroad system with nearly 300,000 tons of 
viaducts, some of them 34 years in service, conducts such 
good maintenance that it eliminates deterioration from cor- 
rosion. If dirt-collecting pockets and cavities were eliminated 
in design, and the elevated railroad structures were kept 
clean and well painted, the superintendent says that dura- 
bility and unlimited life would not be impaired by corrosion. 

On an important passenger railroad system on the Atlan- 
tic Coast it is estimated that the cost of replacement of 
bridges and viaducts is $100 per ton and that the cost of the 
cleaning and repainting is about 60 cents per ton annually, 
thus keeping them practically free from deterioration by 
corrosion. 

On an eastern railroad the bridge engineer says that in ten 
years the cost of repainting 420 bridges was $160,000 of which 
75 per cent. was for labour and that the annual cost capital- 
ized is only $320,000, so insignificant a sum that any neglect 
is inexcusable. This eliminates corrosion so that it is con- 
sidered never to seriously menace the life of their structures. 

On the Atchison, Topeka and Santa Fe Railroad the 
second coat of bridge paint has an average life of from 6 to 
10 years: 

An excellent demonstration of the resistance to corrosion 
is afforded by the Madison Square Garden, demolished last 
year after 35 years of service. Some of the frameworks of 
the very large flat skylights which were covered with a great 
accumulation of moisture-bearing dirt and dust were seri- 
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ously, but not dangerously, corroded and portions of the frame- 
work of the main tower, which were not at all protected and 
which were merely enclosed by sheets of defective copper 
with open joints and holes admitting rain, snow and moisture 
and probably creating electrolysis, were almost consumed by 
corrosion, due to the entire absence of inspection, mainte- 
nance, and painting and the neglect throughout the entire 
life of the building of attention, thus not only inviting, but 
absolutely compelling, serious corrosion that consumed por- 
tions of the framework, although it still remained in position 
and avoided collapse in spite of its dangerous condition. With 
these exceptions the remaining 98 per cent. or more of the 
tonnage was in perfect condition and free from rust. The 
beams, columns and braces in the roofs, floors and walls 
showed no more than a stain or surface powdering of corro- 
sion, and the great 277-foot roof trusses over the amphi- 
theatre, although evidently not repainted since erection, 
were in perfect condition and were carefully removed for 
re-erection in a new building. 

In the Literary Digest for May 15, 1926, a signed adver- 
tisement contains untrue and misleading statements calcu- 
lated to injure structural steel interests and promote the sale 
of copper, brass and bronze. The page is headed by a very 
conspicuous statement saying that ‘“‘rust was built into the 
Eiffel Tower and now threatens its destruction.” 

The American Institute of Steel Construction recently 
made a thorough investigation, through its Paris representa- 
tives and the municipal officials in Paris, and received reports 
now in their files, that entirely disprove the statement above 
quoted and show that the Eiffel Tower always has been, and 
now is, exceptionally free from rust, is uninjured and appar- 
ently due for an unlimited life, so far as corrosion is con- 
cerned. 

Exceptional care was taken to prevent the inception of 
rust by the painting of each of its 12,000 different members 
with red iron-ochre paint before they were exposed to the 
elements and the application of two more coats of the same 
paint and a special coat of finishing varnish immediately 
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after erection in 1887. In 1892, 1899, 1907, 1914 and 1917, it 
was repainted, each painting being preceded by thorough 
cleaning and washing and requiring about 66,000 pounds of 
paint applied by 400,000 man-hours work. The official 
statement of the engineer of the sixteenth arrondissement of 
the City of Paris states that careful and thorough inspection 
of this great structure, lasting over two weeks, is made every 
six months by the entire committee and great attention is 
paid to the condition of the iron work and the paint. They 
do not see any reason why the Eiffel Tower should not last 
indefinitely. The latest inspection found the tower in the 
same excellent state of repair as always. 

The Administrator of the Eiffel Tower Society says ‘‘the 
iron work is in excellent condition and the paint we are using 
has proven entirely satisfactory. The whole is in as good 
condition today as the day it was built.” 

Other notable examples of the absence of corrosion are in 
the steel arch ribs of the famous Eads Bridge over the Missis- 
sippi River at St. Louis which has been 52 years in service, 
and the trusses of the Brooklyn Suspension Bridge, 44 years 
in service. 

In the Mills Building, New York, iron I-beams were found 
in good condition without corrosion, when the building was 
recently removed after 45 years of service. 

The Woman’s Temple, one of the oldest tier buildings in 
Chicago, when demolished after 30 years’ service, showed no 
signs of corrosion in any of the interior members and only 
slight indications of corrosion in the exposed steel. 

When the Blair railroad bridge over the Missouri River 
was removed after 40 years’ service, the steel structure 
showed no signs whatever of deterioration. 

C. J. Crocker, Chief Engineer of Ferries, New York City, 
states that even under the severe salt air exposure, the steel 
ferry houses in New York will last indefinitely without seri- 
ous rust deterioration, if kept well-cleaned and painted. 

The New York Telephone Company owns about 400 large 
and costly frame buildings containing large quantities of 
electrical equipment, wiring and cables, none of which have 
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shown electrolytic action in their 30 years’ service. In 50 of 
the old buildings, which have had their framework exposed 
for alteration or removal, there has been observed no serious 
deterioration from rust. 

Col. J. G. Holeomb, in charge of reconstruction and 
alterations for the Interborough Rapid Transit Company, 
New York, has examined a thousand tons of steel removed 
after 15 or 20 years’ service, all of it being then fit for re-use. 
In Panama, he removed thousands of tons of iron and steel 
equipment that had been abandoned without protection for 
more than 20 years in the tropical swamps. It was found in 
remarkably good condition with very little corrosion. 

The idea that wrought iron resists corrosion better than 
structural steel does is fallacious. Reliable tests demonstrate 
there is no material difference in the resistance to corrosion 
of the two materials whether exposed to the atmosphere, 
immersed in water or buried in the ground. The belief was 
probably inspired by the fact that much of the wrought 
iron made in the east was made from ore containing a small 
amount of copper, which, at the time, was probably unknown. 
Copper has a well known deterrent effect on the corrosion of 
wrought iron, but no more than it has on structural steel 
when alloyed with the latter, as is now seriously proposed. 
Therefore, facts relative to the corrosion or immunity from 
corrosion of wrought iron may be accepted as applicable to 
structural steel and vice versa when the two materials have 
the same copper-bearing composition. It is unnecessary to 
discriminate between wrought iron and structural steel in 
studying ordinary corrosion. 

From all the foregoing evidence it is conclusive that: 

Steel in buildings is almost wholly free from serious 
corrosion. 

Bridges, although exposed to very bad conditions, can prac- 
tically be fully safeguarded and these usually are, although 
highway bridges are often neglected. 

Railroad bridges never fail from rust. 

Bridges require painting approximately every six years, 
except in salt air. 
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The interior steel work in office buildings scarcely requires 
repainting. 

The principal danger of corrosion in office building 
frameworks is in steel embedded in the outer walls. In other 
buildings, the principal danger of corrosion to steel work is 
from leaks, fumes or acids, all of which are preventable. 
Steel foundation girders and grillages are perfectly safe. 

It is practicable to make most steel structures everlasting 
as far as corrosion is concerned. 

Proper design, construction, protection, inspection and 
maintenance including good painting and cleaning, and a 
reasonable attention to natural or artificially severe condi- 
tions, such as salt air, continued fogs, acid fumes, corrosive 
liquids, should insure for all steel structures a life that is 
practically unlimited by corrosion. 


Tub CHarrMaN (Mr. John A. Topping): The next paper, 
entitled ‘‘Welding of Iron and Steel,’’ is by Professor Com- 
fort A. Adams, Director of the American Bureau of Welding, 
New York. 


WELDING OF IRON AND STEEL 


Comrort A. ADAMS 
Director, American Bureau of Welding, New York, N. Y. 


None of the methods of fusion welding described below 
(excepting forge welding) is more than two generations old, 
and practically all of the significant applications have been 
made within the last generation, most of them within the 
past decade. These newer methods have ceased to be a tool 
for repair work alone, however valuable they may be in that 
field, and now constitute one of the greatest modern labor- 
saving devices employed in regular production. Few of 
those not in actual contact with these applications realize 
either their magnitude and importance or the rate at which 
they are increasing. 

The author’s object in writing this paper is to present a 
brief description of the several processes of welding, their 
advantages, limitations and fields of usefulness, with par- 
ticular reference to the welding of iron and steel. Except 
where otherwise specified mild steel will be assumed. No 
attempt will be made to discuss the deeper metallurgical 
_phases of the problem as the writer is not a metallurgist. 


PART I—DESCRIPTION AND DISCUSSION OF 
METHODS 


Force WeELpiING.—Until about forty years ago this was 
the only available method and it has been in use to some 
extent for centuries. 

After properly shaping the two surfaces to be joined, the 
parts are heated to welding temperature in a forge or furnace 
and then hammered, rolled or pressed together, usually with 
the aid of some fluxing material. The numerous applications 
of this method are so well known as to need no description. 
and its limitations are fairly obvious. As this was for so long 
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the only method of welding, great ingenuity and often great ex- 
pense were employed to apply it to large or complicated parts. 

Evectric Resistance Wex.pine.—In this method, 
invented about forty years ago by Elihu Thomson, the parts 
to be joined, after proper shaping, are pressed together. A 
large current is then passed through the joint until it has 
reached welding temperature, when further pressure is 
applied, upsetting the joint and completing the weld. 

As the electrical resistance of the contact surface is much 
greater than that of the solid metal, most of the heat is 
generated at the joint surface where it is desired. The larger 
the current ! the more rapid the heating, the less the heat 
extends back from the joint into the metal, and the less 
the upset. 

The voltage required is so low and the current so high 
that the only convenient source is an alternating-current 
transformer built into the welder and as close as possible 
to the jaws which hold the parts and transmit the current 
to them. To conduct these heavy currents from any con- 
siderable distance involves either an excessive amount of 
copper or an excessive loss of power. 

Resistance welding is applied to most non-ferrous as well 
as to ferrous metal parts. 

An illustration of a simple electric resistance welder for 
the butt welding of boiler tubes is shown in Figs. 1 and 2, 


from which it will be seen that for work of any considerable _ 


size, these machines are not readily portable, 7.e., the work 
must ordinarily be brought to the machine. 

At first resistance welding was applied only to simple 
parts, such as wires and rods, but there are now so many 
varieties of resistance welding with such broad applications 
as to demand distinguishing names. 

Butt Welding.—The simple type of resistance welding 
described above is usually known as butt welding, and has 
been applied to joint sections of widely varying shapes up to 
36 square inches in section. The largest size of butt welder 
yet built is illustrated in Fig. 3. 


‘The heat is proportional to the square of the current. 
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Fig. 1—Flue Welder Used for Reclaiming Boiler Tubes at the West Albany 
Shops of the New York Central Railroad. 


Fic. 2.—Flue Welder Used for Reclaiming Boiler Tubes at the West Albany 
Shops of the New York Central Railroad. 
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Seam Welding.—The overlapping edges of sheet metal 
are passed between two narrow roller electrodes, the speed, 
current and pressure being so adjusted as to produce a con- 
tinuous seam weld. This method is usually limited to rela- 
tively thin sheets, but is readily applicable to either straight 
seams, or to circular seams as for the flanged heads of cylin- 
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Fig. 3.—One of the Largest Butt Welders Ever Built, Namely 900KVA, 
Single Phase. These welders are designed to weld thirty-six square inches 
continuously, or forty square inches at intervals. One of these welders is 
saving its owner $250 a day, over the previous cost by arc welding. These 
welders have a mechanical pressure device which exerts one hundred tons 
push up on the weld. This enormous pressure refines the grain in the vicinity 
of the weld, making it somewhat in the nature of a drop forging, so that the 
welded part is the strongest part of the piece. 


ders. The employment of this method for the manufacture 
of barrels, moderate sized transformer tanks and numerous 
other similar containers, has resulted in a very large saving 
in cost. Thousands of such welded containers are made every 
day. Seam welders are illustrated in Figs. 4, 5 and 6. 

Spot Welding.—Where air-tightness is not required, a lap 
seam may be welded in spots by clamping the seam overlap 


re 


Fic. 4.—Seam Welder, Used for Making Muffler Shells, Ice Cream Cans, 
Milk Cans, Etc., and Produces Welds at the Rate of 24’ per Minute. It is 
entirely automatic in its operation and is double-acting in that a seam is made 
in both directions with the roller mechanism. 
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Fig. 5.—Straight Line Seam Resistance Welding Machine. (Work in Place.) 
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between two (usually circular) electrodes and passing the 
necessary current between them and through the overlapping 
edges of the plates. As the electrical resistance of the sur- 
face contact is least in the region under pressure, most of 
the current and therefore the weld is confined to a spot of 
about the same area as that of the electrodes. 


Fie, 6.—Circular Seam Resistance Welding Machine (Work in Position 
for Welding). 


For relatively thin metal this method is much more rapid 
and economical than any other known method of making a 
joint where mechanical strength alone is required. The 
mechanical strength obviously depends upon the number 
and size of the spots. With a double row of staggered spots 
it is easy to make the joint strength equal to that of the 
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sheets themselves. A spot welder for plates up to 14 inch 
thickness is shown in Fig. 7. 

In thin metal work of such shape and size that it is incon- 
venient to bring the work to a spot welder, the overlap is 
laid against a heavy flat electrode and the other electrode 
at the end of a flexible cable is pressed against the joint by 
hand. Hundreds of thousands of such spot welds on car 


Fic. 7.—Spot Welder for 14” Sheets or Under. 


bodies are made every day in one shop. In the thin metal 
field, spot welding is vastly superior to any other known 
method, and many thousands of spot welders are in daily 
use in the United States alone. 

For the spot welding of heavy plates (1% inch and over) 
the currents and pressures are very large, and considerable 
heat is developed at the surfaces of contact between the elec- 
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trodes and the plates. Thus the electrodes must have high 
thermal as well as electrical conductivity. Copper is the best 
all around material thus far available for this purpose, and 
even then water-cooling of the electrodes must be employed. 
Moreover, the combination of high pressure and tempera- 
ture at the electrode surfaces makes it necessary to reshape 
them rather frequently, depending upon the thickness of 
the plates. 


Kia, 8.—Heavy Duty Spot Welder Used for Spot Welding Steel Shells for 
Gasoline Sidewalk Pumps. 


However, three one-inch plates have been successfully 
spot welded, although the operation cannot as yet be con- 
sidered a commercially successful one. A fairly heavy duty 
spot welder with deep throat is shown in Fig. 8. 

It is obvious that the depth of the throat is determined 
by the width of the plates to be welded. One objection to 
the deep throat is that, in the case of the single-spot welder, 
the large alternating current must be carried around the 
throat linking the long steel plate with its high magnetic 
permeability. The resulting high reactance of this circuit 
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is very objectionable as it consumes much more voltage than 
the weld itself, makes necessary a transformer of very large 
capacity, and produces a load of low power factor. 


Fic. 9.—Views of Duplex Electric Welder Having a Reach of 6 Feet. Welds 
Two Spots at a Time. 

This obstacle can be largely surmounted by having two 

electrodes on each side of the overlap and welding two spots 

at once (see Fig. 9). In this case the transformer can be 


_ Fig. 10.—Wiring Diagram of Duplex Spot Welder. 


located close to the electrodes either below or above, or both, 
and the current passed up through one pair of electrodes and 
down through the other. In other words, the two welds are 
in series (see Fig. 10). This means, of course, double the 
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total pressure and double the strength of the yoke, as com- 
pared with the single-spot welder. It should also be noted 
that the two spots should not be very close together, other- 
wise too large a part of the current would be shunted through 
the plate on the transformer side. In any case a considerable 
amount is so shunted, which represents waste energy and 
undesirable heating of the plate in question. Where a short 
throat suffices, the single spot machine is preferable. 
Experimentation in this heavy-plate field is expensive, 
and apart from a small amount of work started during the 
war but never completed, little has been done. Some difficul- 
ties have been encountered in the welding of long seams in 
heavy plates, but there should be no more difficulty in sur- 
mounting these difficulties than in the case of are welding. 
The natural field of usefulness for heavy spot welders is 
the structural steel fabricating shop, for in spite of the size 
and cost of such welding machines, the cost of fabrication 
would certainly be less than by any other known method. 
Tube Welding.—Several hundred thousand feet of steel 
tubing are made every day by the resistance welding of the 
edges of steel strip rolled up to form a tube. A single machine 
will take the flat strip, shape and weld it at a rate of from 
60 to 150 feet per minute. At these high speeds the fusion 
is confined to a thin surface layer and the flash or upset is 
hardly perceptible. With alternating current of standard 
frequency (60 cycles per second) the very high speeds result 
in an intermittent weld, since the heat is proportional to the 
square of the current and varies from zero to a maximum 
and back to zero, during each half cycle. This gives the 
appearance of a stitch on the outside of the tube, hence the 
common name of stitch weld. At a speed of 120 feet per 
minute (and 60 cycles) the stitches would be one-fifth of 
an inch apart. 
For many mechanical applications such as bedstead 
tubing, the intermittent characteristic is not objectionable. 
Moreover, with a somewhat slower speed or higher frequency 


of current supply, the weld can be made continuous and 
airtight. 
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No other process of tube manufacture can compete with 
this on the basis of cost. 

As yet this process has been confined to relatively thin- 
walled tubes. If the wall is thick as compared with the diam- 
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Fig. 11.—Tube Welder Used for Making Seamless Tubing. 
This welder may be equipped to weld tubing from 1” minimum 
to 2144” maximum diameter on material from .030 to 14” wall 
thickness. Speed 40 to 120 ft. per minute. 


eter, a relatively large amount of the current is shunted 
around the tube wall from the electrode rolls on either side 


of the seam. 
Figs. 11 and 12 show one of these tube welders. The large 


discs in Fig. 11 are the electrode rolls. 
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There are numerous other applications of resistance weld- 
ing, such as the welding of the intersecting bars of concrete 
reinforcement, the making of steel ladders, wheels, etc., all 
involving a great saving of labor and wholly successful. 


Fia. 12.—Tube Welder Used for Making Seamless Tubing. This 
welder may be equipped to weld tubing from 1’’ minimum to 214’ 
maximum diameter on material from .030 to 1%’ wall thickness. 


Speed 40 to 120 ft. per minute. 


Quality of Resistance Welds.—In all of those cases where 
the weld is accompanied by an upset or working of the mate- 
rial, the quality of the weld is good both as to mechanical 


properties and microstructure, in fact sometimes better than 
the parent metal. 
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In the case of the spot weld this is also true as far as the 
welded area is concerned, but in heavy plate spot welding 
there is often a coarse grained region of poorer mechanical 
quality around the spot in each plate. When such a weld is 
tested the spot nearly always pulls out of one of the plates. 
The weld itself rarely fails. There is reason to believe that 
with larger current and shorter time this effect would be 
largely eliminated. 

However, in spite of this effect, it is a simple matter to 
make a spot-welded joint at least as strong as the plate itself 
and much stronger than any riveted joint. 


a. = 


BEFORE WELDING. BEFORE WELDING WOOT 
AFTER WELDING AFTER WELDING, 
Fig. 13. 


Evectric Arc WELpING.—There are several divisions of 
this method. 

’ Metallic Arc Welding with Bare Electrodes. 
Metallic Arc Welding with Coated Electrodes. 
Metallic Arc Welding in a Reducing Gas Flame. 
Atomie Hydrogen Are Welding, and 
Carbon Are Welding. 

These will be considered in order. 

Metallic Are Welding with Bare Electrodes.—In this 
method an arc is struck between a wire or rod of suitable 
composition, called the electrode, and the parts to be welded, 
these latter having been properly shaped, usually beveled 
on both edges in the case of plates. The metal is fused at 
both ends of the are and the fused electrode deposited in the 
joint until the latter is properly filled. Three methods of 
welding plates in the same plane are shown in Fig. 13. 
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The are should be as short as possible in order to avoid 
oxidization of the metal and the inclusion of harmful gases. 
As the holding of a short are by hand requires considerable 
practice and skill, some of the arc welding generators are so 
designed that the are will be extinguished if its length exceeds 
the safe limit. Moreover the normal are voltage is so low 
(15 to 20 volts) as compared with the striking voltage (about 
50 volts) that machines of special design must be employed, 
although a skilful operator can do good welding on a con- 
stant potential 110-, 220-, or 500-volt circuit with a suitable 
resistance in series. However, this is obviously an inefficient 
method, as most of the power consumed is lost in 
the resistance. 

Most bare electrode welding is done with currents from 
75 to 200 amperes and with electrodes of about 35-inch 
diameter. 

Many attempts to use higher currents and larger elec- 
trodes have been made but with little success, except where 
the quality of the weld is not important. At high currents 
the are sputters viciously, much metal is scattered over the 
landscape, and the weld is apt to be very porous and to con- 
tain gas pockets. Better results with heavy currents have 
been obtained with some of the coated electrodes. 

Many theories have been proposed as to the mechanism 
of metal transfer in are welding, but no agreement has been 
reached. This is an interesting field of speculation in view 
of the fact that excellent arc welding can be done overhead 
by a skilled operator. In fact one of the great advantages of 
arc welding is that it can be done in practically all positions 
or locations. As an interesting experiment, it has been done 
under water. 

Are welding may be done with direct or alternating cur- 
rent. The alternating current is usually supplied by a suit- 
able transformer provided with proper taps in order that 
the welding current may be properly adjusted to the work 
in hand. Several types of direct current arc welding equip- 
ment are available. In the early days, extravagant claims 
were made by the advocates of the several types of generator 
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regulation, but it was later proved that good welding could 
be done by a good operator with any of these types, although 
it is easier to make poor welds with some than with others. 
An are welding outfit consists of a welding generator, a 
control panel for adjusting the current, a voltmeter and 
ammeter, proper length of welding cable, electrode holder 


Fra. 14.—Are Welding Motor-generator Set on Truck. 


and a suitable shield or helmet for protecting the eyes of the 
operator. The source of power, such as an electric motor or 
gas engine, may or may not be supplied with the welding 
generator. 

Where outfits are portable they are usually mounted on 
a suitable truck (see Fig. 14). Additional auxiliary equip- 
ment will, of course, be needed depending upon the specific 
work in hand. This equipment may be suitable clothing, 
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screens and shields, welding table, wire brush, chisel, sand- 
blast outfit, preheating equipment, wedges, clamps, grinders, 
cranes, etc. Preheating is rarely necessary for are welding, 
although it is sometimes advantageous. 

Coated Electrodes.—These have been used in some form 
almost from the beginning of arc welding and there are so 
many varieties at present that it would be impossible to 
describe them in the time available. In general the coat- 
ings serve as a fluxing or deoxidizing medium, or provide 
a protective vapor around the arc. In one case, asbestos 
string impregnated with some fluxing material is wound 
around the electrode, with a small aluminum wire inside, 
the latter acting as a deoxidizing agent. In this case a con- 
siderable layer of slag covers the weld and must be removed 
before applying the next layer of weld metal. Unless the 
welding is done by a skilful operator, slag inclusions of con- 
siderable size are likely to occur. However, rather superior 
results have been obtained with these electrodes, and they 
are largely used in England and Australia. A 300-ton barge 
and a 500-ton vessel in England and several large gas holders 
and other steel structures in Australia, all illustrated below, 
were successfully welded with these electrodes. 

Are Welding in a Reducing Flame.—In this method a 
cylindrical jet of gas surrounds the electrode and burns 
around the are. Pure hydrogen, water gas, aleohol vapor 
and a number of other gas combinations have been tried. 
with considerable success. These welds are, in general, 
superior to the bare electrode welds, particularly as regards 
ductility. The reducing flame generally serves the same 
purpose as the electrode coatings and apparently with some- 
what better results, although this method is still in the 
experimental stage. 

The operating voltage is higher than for simple metallic 
are welding and varies considerably with the gas employed, 
so that the ordinary are welding generators will not serve. 
Moreover the process is slightly more complicated and expen- 
sive owing to the additional mechanism and the cost of the 
gas. However, this is not prohibitive for high-grade work. 
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Atomic Hydrogen Arc Welding.—A fine jet of hydrogen 
is forced through an are formed between two tungsten 
electrodes. The high temperature of the arc breaks up the 
hydrogen molecules into hydrogen atoms, which recom- 
bine into molecules after passing through the are, giv- 
ing up the heat absorbed during dissociation in the arc. 
The result is a jet flame of hydrogen burning in hydrogen 
(if that expression be permissible) at a temperature higher 
than that of any other known flame, but lower than that of 
the are itself. The welding wire is fused in this flame and 
deposited in the joint exactly as in the case of gas welding 
described below. In some eases, where the plates to be welded 
are relatively thin, the edges are left. square, butted together 
over a suitable backing, and fused together with the Bee 
jet without the use of any welding wire. 

The intensely reducing character of this hydrogen flame 
results in a nearly perfect weld, which with suitable welding 
wire is practically as good as the parent metal. 

Like the bare electrode arc welding, the magnitude of 
the are current (and hence that of the hydrogen jet) is 
limited, but for a different reason, namely that with heavy 
currents the tungsten electrodes burn away too rapidly. 
Thus the rate of welding wire deposition is limited, but the 
quality of the weld is excellent. Alloy steels, such as high- 
chromium and high-nickel steels, are readily welded by | 
this process. 

In as much as the heat applied to the joint is actually 
that of the atomic hydrogen jet flame rather than that of 
the arc itself, and as this heat is controllable by varying the 
distance, exactly as in the case of gas welding, much more 
delicate welding of thin parts can be done by this method 
than by direct are welding with its higher temperature. In 
the latter case it is very difficult to avoid burning holes 
through thin stock. 

The atomic hydrogen are process may be looked upon 
as the half-way point between arc and gas welding with 
some advantages over both, but as yet limited as to the 
rate of metal deposition. 
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The arc voltage, both for striking and operating, is con- 
siderably higher than for either simple metallic are welding 
or for are welding in a reducing flame, and alternating cur- 
rent is usually employed. 

Carbon Are Welding.—In this method, first invented in 
1881, an arc is struck between a carbon (or graphite) elec- 
trode and the parts to be welded. The welding wire is then 
fed into the are and fused into the joint. For hand operation 
this requires two hands as in the case of gas welding or atomic 
hydrogen arc welding. In fact it differs from gas welding 
only in the source of the heat, the gas flame being replaced 
by the are. A fairly high rate of metal deposition is possible, 
but the quality of the weld is hardly equal to that of the best 
metallic arc welds. 

In some cases the welding rod is laid in the joint groove 
and the carbon arc passed slowly along the joint until the 
fusion is complete. 

Strong claims are made for this method by some of its 
advocates, but its use is very small as compared with the 
metallic are process. 

Automatic Arc Welding—Automatic machines are avail- 
able for nearly all of the above-described methods, although 
it is not easy to apply welding wire feeding mechanism to 
some of the coated electrodes, owing to the difficulty of 
getting electrical contact between the wire and the feeding 
rolls. One method of overcoming this difficulty is to use a 
hollow welding wire with the fluxing material on the inside. 
This is being done successfully. 

The great advantage of the automatic welder is that the 
arc length and other variables are much more accurately 
controllable and constant than with the most skilful hand 
operator. It is also a great labor saver. 

It is obvious that the automatic machine is readily applic- 
able only to fairly simple shapes. Nevertheless it has already 
found a large field of usefulness in production work, and if 
are welding should prove to be the best method for joining 
structural steel parts, the automatic machine would find an 
enormous field of usefulness in the fabricating shop. 
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There are also semi-automatic are welding machines in 
which the feed of the electrode and the are length are under 
automatic control, but the “‘travel’’ or movement of the arc 
along the seam is under hand control. This largely eliminates 
the demand for great skill on the part of the operator and 
is at the same time applicable to many situations where the 
full automatic machine could not be used. 

Illustrations of automatic and semi-automatic are welders 
are given in Figs. 15, 16, 17, and 18. 

Quality of Arc Welds.—The factors involved in the suc- 
cess of an arc weld are so numerous that the reason-why of 
success or failure was little understood in the early days. 
Even now there is much to be explained, and any compre- 
hensive analysis of the problem is quite impossible. How- 
ever, in the more common applications, such as the welding 
of mild steel, we do know how to get results which are just 
as dependable as in the case of riveting or forge welding, 
and how to make a welded joint at least as strong as the 
parts to be joined. In other respects than that of tensile 
strength, the joint is in general inferior to the parent metal, 
being less ductile and having a lower fatigue limit; but even 
this inferiority has been largely eliminated by atomic hydro- 
gen welding, arc welding in a reducing flame, and to a lesser 
extent by some of the coated electrodes. 

Even in the case of high-carbon high-tensile steels, 
excellent results have been obtained, with tensile strengths 
of the welds as high as 86,000 pounds. 

One effect which has been observed in a few cases of heavy 
current welding is the overheating of the parent metal adja- 
cent to the weld, with a consequent grain growth and 
mechanical deterioration. This does not occur to any harm- 
ful extent when a short arc and low current are employed, 
with a larger number of runs or layers. It may also be 
largely eliminated by preheating or post-annealing. 

Although more comprehensive research work is sure to 
result in further improvement in all of these important 
directions, the technique of arc welding has already been 
developed to such a point that thoroughly dependable welds 


Fig. 15.—Longitudinal Seam Automatic Arc Welder, 10 In./32 In. 
Dia. by 10 Ft. Long, with Protective Plates for Drill Bar. 


Fia. 16.—Automatic Straight Line Are Welder. Rear View Showing 
Control Mechanism. 


SWETCHBOARD. DEPT 
‘ 
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Fic. 17.—Jib Crane Semi-automatic Welder and Tank Rolling Device for 
Are Welding Circular Flanges and Bottoms on Oil Circuit Breaker Tanks. 
Push Button Control for Rolling Tanks and Arm Rests for Operator— 


Front View. 


Fra. 18.—General View of Fin Tube Are Welding Machine, 4’ Tubes, 30’ 
Long with 14” Fin Welded on Each Side. 
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can be made in nearly all types of steel structures. The only 
variable likely to give trouble is the hand operator, which 
danger can be eliminated by proper selection, training and 
organization of the welding force. 

Some idea of the microstructure of arc welds may be 
gained from Fig. 19. 


Oxy-ACETYLENE WELDING? 


This process of fusion welding is carried out by the heat 
produced by the burning of acetylene in the presence of 
commercially pure oxygen, the flame temperature so attained 
being probably about .5500° F., which, in view of the con- 
centrated flame, is high enough to melt any metal locally, 
and so allows pieces to be easily fused together. It is neces- 
sary, when welding thick materials, to bevel the edges to be 
joined so they form a V, which is filled up by melting into 
it a rod of suitable composition, the weld metal also being 
fused to the base metal. The joint, when properly designed, 
and made by a competent workman using proper materials, 
is clean and sound, free from injurious defects, and with few 
exceptions, as strong or stronger than the parts joined. 
The following table gives an idea of the results in common 
materials. 


Strength Compared 
Metal Welded Welded with with Original 
Metal 

Cast-ipom t,o i tdiaielcnn’s Cast iron Greater 
Cast WON a sca ww. sh eae Special brass Greater 
Wrought iron or mild steel...| Mild steel Greater 
Steel .25 per cent. C or less... (Special) Greater 
Steel castings.....:........ Mild steel Greater 
Malleable iron...........-: Special brass Somewhat less 
EXP QAS AAS sacs ipsiew ase Paneer Special brass Greater 
MRQEOS rk ss a eine cate Special brass Greater 
Aluminum sheet............ uminum Equal 
Aluminum castings......... Aluminum Equal 
Copper rolled (commercial) . .| Copper (commercial) 50 to 60 per cent. 
Copper rolled (deoxidized) .. .| Copper (deoxidized) Slightly less 
Copper Castings... ..inaee Copper (deoxidized) Equal 


These comparisons are for butt welds and are based on 
equal sections of weld and base metals. It is evident that 


*Prepared by Mr. S. W. Miller. 
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still greater strength may be obtained if the section of the 
weld is increased by adding more metal there. 

There are other considerations, however. The ductility 
of the weld metal is generally somewhat lower, and the yield 
point somewhat higher than in the base metals, that is, the 
weld is generally somewhat stiffer than the corresponding 
base metal. These different properties are of no moment, 
however, so long as the stress is below the lower of the two 
yield points, as the strain is proportional to the stress in all 
materials having a definite yield point. Any stress above 
the yield point should not be considered, as with good design 
it is never reached in service. It is, therefore, safe to say 
that the tensile properties of a correctly designed oxy- 
acetylene welded structure are wholly satisfactory. 

In some cases, annealing or other heat treatment may be 
used to improve the tensile properties, but as this is usually 
impracticable, development has been in the direction of 
making welds that do not require after-treatment, and the 
results have been good enough to warrant the use of oxy- 
acetylene welding for almost any purpose. 

There has been some question about the effect of the 
welding heat on the metal next to the weld, especially in 
mild steel, it being claimed that the steel has been seriously 

Injured. No proof of injury has been adduced, and on the 
other hand tests seem to show no change in the tensile prop- 
erties, and as test pieces bent with a sledge will stand bending 
180° without fracture, it would seem that the shock resistance 
is ample. Further, gas welded test pieces have been sub- 
jected to heavy blows while under tension in a testing 
machine, and in no case was there any adverse effect, the 
unwelded pieces, the welded and tensile tested pieces and 
the welded pieces tested under combined tension and shock, 
all giving the same results.* 

It must be appreciated, however, that oxy-acetylene 
welding, like any other operation, must be done under proper 
control, if the best results are desired. This means that the 
design, materials, workmanship, supervision, and testing 


5See Bulletin No. 5, American Welding Society. 
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must be correct, and when this is done there can be no doubt 
that the results will be satisfactory. 

Most other types of joints have less than 100 per cent. 
efficiency; in fact, I know of no joint that is equal in strength 
to the metal in which it is made, except a welded one. 
Because of this, the design of welded structures must be 
carefully considered, as weaknesses which do not show 
up under tests allowable for other types of joints, may 
be made evident under the higher tests permissible with, 
welded joints. 

For instance, a riveted steel pressure vessel cannot stand 
a test pressure of more than about one and one-half times 
the working pressure, because of the danger of loosening 
the rivets and calking. But a welded tank of proper design 
will easily stand a test pressure of three times the working 
pressure. A better comparison is that while the riveted 
vessel will stand a test fibre stress of about 14,000 pounds 
per square inch of metal in the solid part of the plate, the 
welded tank will show no signs of distress at 27,000 pounds. 

It is evidently of advantage to use a joint of greater 
strength than the plate, so that the weight of the structure 
may be reduced wherever possible, and designers should 
take advantage of this. 

Some figures may not be out of place. For oxy-acetylene 
welds made under proper procedure the following table may 
be taken as very conservative. 


STRENGTH OF WELDS IN VARIOUS METALS 


Ultimate Tensile Yield Point of 
Metal Strength per sq. in. Weld Metal 
IVinlcissteel meses ss ce ss weber? 55,000 42,000 
@ash non een ee eer teeret- SVAUD.) 1 2) ox] woapmerer 
Miallealbleiromber ere ca ee see - 40,000 15,000 
Brass and bronze.........----- 40,000 15,000 
Copper (commercial)........--. USUI Sa ek ie 
Copper (deoxidized)........--- PARANO DIE yee Nh Sopa 


These figures are based on welds of the same section as 
the base metal. Reinforcement will of course increase them. 
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The properties of weld metal compared with mild steel 
plate may be of interest. 


Witimata Ber Yield Point |Per cent. ex he 

i ee ae lb. per Elong. in| Red. 0 

ae ee Ib. per sq. in. sq. ty 2inches | Area 

14-inch steel plate (.18 

As cent. C) mill test... 57,400 36,500 30.25 fhe 
Min. 57,600 36,200 28.0 58.8 

Same plate after flanging. . (Man 63,800 49,500 | 39.5 | 65.4 
Same plate as close to //vtin. 56,600 35,900 34.0 58.8 
weld as possible........ (Ma 61,100 37,400 | 380 | 62.1 

; Min. 61,200 43,700 6.0 5.2 
Weldimetal os ea-cicreaae (Ma 71100 50,900 io ae 


These figures are taken from one tank made in regular 
production and are not laboratory results. It seems clear 
that the flanging made a greater difference in the physical 
properties than did the welding, and that the welding did 
not injure the plate. 

It is of course natural that the weld metal tests would 
not be as consistent as those from unheated plate. Only a 
small test piece can be obtained from a weld, and even a 
slight defect will influence the results strongly, though the 
same defect in a larger piece would hardly be noticed, so 
that the above results from the weld metal may fairly be con- 
sidered satisfactory. 

In view of the wide application of oxy-acetylene welding, 
there being no industry that does not use it, there is some 
difficulty in selecting examples and it is useless to attempt 
to list its applications. It seems enough to say that there is 
no metal structure that requires a joint, that has not been 
made by its use, and that such joints, made under proper 
control, have invariably given satisfactory results in service. 

It is also possible to write a specification for any given 
work to be done by oxy-acetylene welding. Of course no 
general welding specification can be prepared that will cover 
all structures, any more than can a general specification be 
written for all riveted steel work. But given a proper design, 
a specification can be prepared that will enable the engineer 
to be sure that he is getting what he wants. Also, his inspec- 


Fic. 21.—Fifteen-ton Rolling Mill Engine Cylinder Repaired in Record Time 
by Oxy-acetylene Welding. 
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tors can be readily trained so they can recognize good work, 
just as they can be trained for inspection of concrete, so 
that there is no trouble in getting satisfactory results, pro- 
vided the will to get them exists. 


Pray 


Fig. 22.—Repairing Cast-iron Gear by Gas Welding. 
Examples of gas welding are illustrated in Figs. 20, 21 
and 22, 
THERMIT WELDING 4 
Thermit welding depends less upon the skill or manual 


dexterity of the operator than the other processes. In gen- 
‘Prepared by J. H. Deppeler. 
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eral, a thermit weld is made by providing a small gap between 
the fractured ends, surrounding these ends with a refractory 
mold, and pouring between and around the ends a highly 
superheated molten steel having a temperature over 5000° F., 
which molten steel gives up its superheat to the parts to be 
welded, melts them and solidifies with them to one solid mass. 

In detail, the process comprises the following steps. 
A straight-sided gap is provided between the fractured ends 
by cutting away the metal with an oxy-acetylene torch. . 
The width of this gap is proportional to the size of the section 
and is given in tables provided for the purpose. Then, yellow 
wax made plastic by warming is placed between the ends of 
the sections and molded into a collar, semi-circular in section, 
surrounding the ends. As soon as the wax hardens, a molc- 
ing material mold is rammed so as to completely surround 
the sections and the wax pattern with provisions for heating 
gate, pouring gate and riser. The mold being finished, a 
kerosene and air flame is directed into the heating gate until 
the wax is melted out, the mold thoroughly dried and the 
ends of the pieces thoroughly heated and expanded. Then, 
the heating gate is plugged, and the thermit crucible having 
been positioned over the pouring gate, the charge is ignited. 
In about thirty seconds, the thermit reaction is complete 
and the charge, which consists of a pure highly heated molten 
steel in the bottom of the crucible, on top of which is a 
highly heated molten alumina, is tapped into the mold where 
the steel fuses with the sections and solidifies with them. 
All of the operations—the dimensions of the wax collars, 
sizes of gates and risers, weights of wax and the amounts of 
thermit—are given in detail in tables with which every 
thermit operator is provided so that nothing need be left 
to the judgment of the operator. 

Thermit welding has developed in twenty years from a 
very crude process, which frequently resulted in unsound 
and porous welds, to one in which every weld—barring very 
infrequent accidents—is perfect. The excess metal applied 
during the welding operation is necessary in the making of 
the weld but is not, as many think, a re-enforcement which 
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should be left on. In many cases, this excess metal is com- 
pletely removed and in all cases the weld is at least as strong 
as the parts welded. . 

The process is suited to small welding operations but in 
light work it is frequently more expensive than the oxy- 
acetylene or electric process. It is used principally in the 
welding of all cast-iron or steel sections over 3 inches thick 
and on such sections its great economy is evident. 

The tensile strength of unworked and unheattreated 
thermit steel produced by the thermit most commonly used 
is about 70,000 pounds per square inch with an elongation 
of 20 per cent. to 25 per cent. in 2 inches. Other thermits 
just as easily manufactured produce steels having tensile 
strengths of 55,000 pounds with 40 per cent. elongation, or 
steels with tensile strengths over 100,000 pounds with 6 per 
cent. elongation. It is evident that since the thermit steel 
is produced by the reduction of iron oxide by means of alum- 
inum and that since the carbon-free metals in the steel 
industry—such as chromium, vanadium, titanium, ete.— 
are produced in this same way, that mixtures can be placed 
in the crucible which will produce steels of any desired com- 
position. Thermit steels are, it is true, cast steels, but are 
So pure as to have no weakness at the grain boundaries and 
consequently exhibit all the properties of forged steel. The 
thermit process has been approved by the American Bureau 
of Shipping and by Lloyd’s Register of Shipping for use in 
the repair of stern frames and other important heavy sections 
of steamers, and in the last few years many hundreds of ships 
have been welded in this way without a single recorded failure. 

In the steel mill, where it used to be more economical 
to remake a broken part, the thermit welding process has 
now become so economical that thermit welding reclamation 
departments are being organized in plant after plant, and 
one plant alone of an important steel company employs a 
large force of men for this work, using almost 100,000 pounds 
of thermit per year and is making very large savings. The 
work is done on all iron and steel sections, including table 
rolls, rolling mill housings, blooming engine parts, crank- 
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shafts, connecting rods, charging peels, etc. A great deal of 
work is also done, by the use of a special thermit, in replacing 
the wear on wobblers and the metal can be so accurately 
added as to require no machining and is so hard as to be just 
barely machineable and resists wear indefinitely. 

One of the largest appeals for thermit welding is that of 
rail welding in paved streets. This work is being done by 
most of the important trolley roads of the country and is so 
simple that it is handled by the trackmen themselves after 
a few weeks’ instruction by a supervisor. The entire ends 


Fig. 23.—Thermit Weld on Broken 9-inch Crankshaft for Engine-driven 
Dynamo. View Shows Weld After Removing Mold and Before Machining. 


of the rail sections are welded together so that the rails are 
endless and the wear at the weld is no different from that in 
the rail itself. 

Another important application is in the railroad shop 
where thermit is used principally for the welding of loco- 
motive frames although also for guide yokes, driving wheel 
centers and other heavy parts. 

The result of a thermit weld in cast-iron parts is just as 
satisfactory as in steel with the possible exception that since 
much of the cast iron is melted and alloyed with the thermit 
steel, the high carbon of the cast iron produces a high-carbon 
content in the thermit steel which makes it hard to machine. 


ia. 25.—Result of Rail Bending Test Made on Thermit Weld, Show- 
ing Breakage Outside of Weld. 
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The weld, however, is considerably stronger than the cast 
iron itself and is very satisfactory. 

Examples of thermit welds are illustrated in Figs. 23, 
24, and 25. 


WELDING ENGINEERING 


In the early days of welding too much was left to the 
operator, often with very undesirable results. 

The factors entering into the success of the applications 
of welding to any particular field are numerous and should 
be controlled by a man who is familiar not only with the 
practical or technical part of the job, but also with the under- 
lying scientific principles; who can coérdinate his experience; 
lay out appropriate tests to determine the feasibility of some 
new application, extension or improvement of the art; can 
design the structure to be welded in such a way as to effect 
the greatest saving without sacrifice of the effectiveness of - 
the structure for the purpose in hand; can select the most 
appropriate method of welding and the best apparatus; can 
design special apparatus when the need arises, and can 
organize the work and his operators for maximum efficiency. 
In short, he should be an engineer. 

Way of the early failures which contributed so much 
to the distrust of welding on the part of the conservative. 
minded, could have been avoided if this need had 
been appreciated. : 

The welding factors referred to above may be roughly 
grouped under the following heads: 


1. Design. 

2. Material. 

3. Apparatus. 

4. Welding operators. 

5. Technique of welding. 
6. Inspection and testing. 


Design.—Structures and parts of products to be welded 
must, of course, be properly designed to conform to the 
technique of welding, in order that they shall effectively 
withstand the stresses which they will meet in service. 
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It is not enough merely to substitute welding for riveting 
in a structure originally designed for riveting. While such a 
course can sometimes be justified as a temporary expedient, 
it is not fair to welding to judge it from results obtained in 
such cases. The products in whose manufacture welding 
processes are to be employed should be designed with full 
recognition of this circumstance. 

As an example of the need for special designs which recog- 
nize the fundamentally different bases of the two methods 
of joining metals, it may be noted that whereas for riveted 
joints it is necessary to overlap the plates or employ straps, 
the use of welding often permits butt joints to be used. 
This effects a considerable saving of material as compared 
with the design for riveting. 

Adequate care should be taken in determining allowable 
stresses for the welded joints. In the past, designing engineers 
who were not familiar with welding have been apt to base 
their determination of the required cross-sectional area of a 
particular weld on some general limiting value for the tensile 
strength or shearing strength in pounds per square inch. 
There are quite a number of important variables which must 
be taken into consideration, such as (1) the design of the 
joint, (2) the chemical composition of the material to be 
welded, (3) the type of welding wire used, (4) the position 
in which the weld must be made, and (5) the particular type 
of welding to be employed. 

Material.—The weldability of the material should be 
very carefully determined, although often apparent difficul- 
ties may be satisfactorily overcome after a little intelligent 
experimentation. 

The selection of welding wire in are and gas welding is 
also a very important matter. The American Welding 
Society has issued specifications which, while not the last 
word, will serve as a guide in the selection of suitable wires. 
But these specifications apply only to the simpler types of 
work and the man in charge should be competent to select 
the best wire for each particular job. 

Other things being equal, the higher the carbon in the 
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steel the more difficult is the welding and ordinarily the less 
satisfactory is the weld. However, excellent welds have been 
and can be made in high-carbon steel with a tensile strength 
of the weld as high as 86,000 pounds per square inch. 

Although new problems arise in connection with the 
application of welding to each new steel or alloy, these prob- 
lems are quickly solved and there is now hardly any alloy 
steel that has not been successfully welded by some one of 
the methods outlined above. 

Apparatus.—In the early days of the applications of 
welding, the confusing claims of competing manufacturers 
as to the special merits of their apparatus resulted in the 
retardation of the use of welding. At the present time, there 
are several reliable concerns that manufacture apparatus 
and supplies for the different welding processes. In certain 
fields, new apparatus will have to be developed as further 
extensions in the use of welding are made. The intelligent 
and cordial coéperation of these manufacturers can be 
expected. 

Welding Operators——The expertness of the operator 
can be tested in most cases only by physical tests to destruc- 
tion of test specimens of his work. Once the welder has 
proved himself competent to do a particular job, it rests 
upon the supervisory and inspecting force to see that the 
quality of his work is maintained. 

It should also be pointed out that while some welding 
operators can do a 100 per cent. job on certain work, they 
are entirely unfitted for other kinds of work where it is not 
apparent that any greater skill is necessary. For example, 
a man who, through long experience, can weld thin steel in 
a flat position, may not be able to do it in an overhead 
position. Again, he may not be able to weld thick steel 
plates even in a flat position. In another instance, a welder 
who is an expert on repair work may be entirely unsuitable, 
without additional training, for production work on steel. 

Many experts in the welding field recommend periodical 
tests of sample welds to check the skill of their welding 
operators. Where facilities for testing welded samples are 
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not available, local arrangements may be made with a com- 
mercial laboratory on a reasonable basis. The testing should 
be done on the kind of work which the operator is performing. 

In the early days nearly everything depended on the 
operator; but now with appropriate materials, apparatus 
and supervision, a welder with only a few weeks’ training 
can do excellent work in a particular field. 

Technique of Welding.—The technique of welding should 
be worked out carefully by engineers and foremen for each 
particular application. The use of jigs can, in many instan- 
ces, be employed with resulting economies and improvement 
in product. The wrong procedure in executing a welded job 
will often cause failure in spite of the fact that all the other 
conditions have been rigidly observed. 

Inspection and Testing.—Inspection of welded products 
must differ somewhat according to the nature of the 
work involved. 

The importance of proper inspection, supervision and 
testing cannot be over-emphasized. 

When the problems of material, design and technique are 
worked out in advance, the welding operator is only called 
upon to manipulate the electrode to do a particular job. 
When relieved of these other responsibilities the welding 
operator can, after a little training, be depended upon to 
do the work day in and day out with no more variation in 
quality than is found in riveting. This, of course, presupposes 
the existence of a competent inspecting and supervisory force. 

The greatest handicap in welding is stated by many 
authors to be that we have no satisfactory non-destructive 
test available to check the quality of the weld. Many con- 
Servative engineers argue that after a job is finished, it is 
impossible to know with certainty whether it is a 50 per 
cent. or 100 per cent. strength weld. Proponents of welding 
in turn answer that it is equally impossible to know the 
strength and quality of a finished riveted joint, the only 
difference being that we have grown accustomed to be satis- 
fied with a visual inspection and hammer test of a riveted 
joint instead of requiring a test to destruction. This is 
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because riveting has been with us for a long period, the pro- 
cesses have become standardized and we have learned from 
experience to place confidence in the product. 

The same psychological process is taking place with 
welding. However, whereas the riveting art has been prac- 
tised for generations we have only been using welding exten- 
sively for the past decade. 

As implied indirectly in previous statements, it should 
be pointed out that the quality of the finished job can be 
determined in advance, if proper material is used and proper 
design and technique employed and if there is in force a 
system of regularly checking the skill of the welding operator. 

X-ray photographs show any considerable defects such 
as slag inclusions or voids, but this requires very hard rays 
and can be conveniently applied only to test samples. 

Comparative Costs——As compared with other methods 
of joining metals, no general statement can be made as to 
the cost of welding, although in most cases, welding of the 
type best suited to the job in hand results in a very consider- 
able saving. In nearly all repair jobs and in many production 
operations the cost of welding is less than half that of other 
methods. Some data for special industries are given in Part 
II of this paper. 

For quantity work in structural steel, comparison must 
be made on the basis of total costs, since welding affects 
other parts of the work, such as design, layout, punching, 
assembly and the total quantity of material. The available 
data are not sufficient to serve as a foundation for any broad 
claims, but seem to indicate a modest though significant 
saving in favor of welding. 

Even as between gas and electric are welding no general 
statement can be made, as each case is surrounded with its 
own set of conditions and requirements. 

For quantity work the gases for gas welding cost consider- 
ably more that the electric power for arc welding, but in 
some cases a higher rate of deposition is possible with gas 
welding, and the resulting saving of labor may balance the 
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extra cost of the gas. Moreover in some cases electric power 
is not readily available. 

In other respects gas and electric arc welding cover about 
the same field as far as iron and steel are concerned, except 
for cast iron where gas welding has given better results. 

Electric resistance welding, wherever applicable, is in 
nearly every case much the cheapest method of joining 


metals. 


PART II.—APPLICATIONS OF WELDING 


In order to indicate the extent to which welding has been 
applied, there is given below a brief summary of its applica- 
tion in several important fields, namely (1) shipbuilding, (2) 
pipes, (3) tanks and pressure vessels, (4) structural steel, 
(5) automobile industry, (6) railroads, and (7) rail joints. 

Welding in Ship Construction.*»—Although the use of 
welding for the hull plates of ships has been advocated by 
men of unquestioned authority and wide experience, the 
progress of this application is bound to be slow. However, 
a number of small vessels have already been completely 
constructed by welding. 

A good many minor structural items and important fit- 
tings in merchant vessels, destroyers and submarines are 
now regularly welded. The following are examples of appli- 
cations of welding in this field. 

1.—Important fittings, such as continuous railing rods, 
skylights, stairs, gratings, ladders, coal chutes, ventilator 
cowls, stacks, funnels, uptakes, bulkheads (which are not 
structural parts of the ship), tanks, hand rails, deck houses 
not covering unprotected openings through weather decks, 
battery and storage boxes, trap seating, holders for boiler 
spare parts, drip pans, conning tower hatches, ventilation 
and exhaust pipes, torpedo doors, periscopes and ammuni- 
tion scuttles. 


*For a full discussion of this subject with illustrations of some of the ships 
already built by welding, see Bulletin No. 6 of the American Welding Society, 
“Application of Are Welding to Ship Construction” by E. H. Ewertz, of the 
Bethlehem Shipbuilding Corporation. 
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2.—Minor items, such as lashing pads for torpedo tubes 
on deck, boat chocks on davits, sockets for hand rails, cable 
and fixture hangers, cable guards, bucket stowage, pipe 
supports, berth supports to frames, pipe hangers, leaders on 
deck for steering cable, chocks under turbines and “gear 
eases, hangers for operating rods, pads for all purposes, bars 
on escape hatches, cargo batten cleats, protecting angles 
around manholes, seatings for fire extinguishers, brackets, 
waterway bars. 

3.—Clips for jack rods on galley house, ram rods, stanch- 
ions, work benches, battery lockers, stores for paints, oils, 
provisions, electric, galley, torpedo and magazines, oil burner 
rack, oil racks, transoms, gauge boards, lathe and grinding 
stones, ladders, engine room flooring supports, tables, cable 
hangers, bulkheads, detachable rail stanchions, shelving, 
lockers. 

4.—Foundations and supports for oscillator, bulkheads, 
battery hatch, torpedo slides, guns, starting flasks, switch- 
boards, engine and boiler room floorings, discharge mani- 
folds, oil tanks, wash machines, compass, diving and steer- 
ing gears. : 

5.—Attaching deck rail stanchions to plating, deck collars 
around ventilators and funnels, cape rings, galley fixture to 
plating, bath and other fixtures, cowl supporting rings, 
engine and boiler room stairs and gratings to plating, cleating 
to casing, door frames to casings, airtight shoes to bulkheads. 

The author has records of seven electrically welded ships. 

I.—1915—The Dorothea M. Geary, 42 feet long and 11- 
foot beam, was launched on Lake Erie. The hull plating was 
butt welded by the electric are process. See Fig. 26. 

II.—1918—British Admiralty’s cross-channel barge Ac 
1320, 125 feet long and 16-foot beam and of 200 tons dead- 
weight, was completely arc welded. See Fig. 27. 

III.—1919—At Caen in France a barge, 65 feet long by 
13-foot beam, was are welded. The welding was all done 
by women. 

IV.—1920—The Fullagar, a 500-ton coaster of 150-foot 
length, built by Messrs. Cammell, Laird & Co., was launched 
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Fie. 27.—Launch of Welded Vessel. 
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at Birkenhead. The hull plates were joined entirely by are 
welding. See Fig. 28. mal 

V.—1920—At Gottenborg in Sweden, a tug boat of 5214- 
foot length and 1314-foot beam was arc welded. 

VI.—1920—The Sea Hornet was launched from the ship- 
yard of Kyle and Purdy, City Island, New York, N.Y. She 
is a motor boat 58 feet long with a 600-horsepower engine and 
has a speed of 35 knots and a cruising radius of 800 miles. 
Electric arc welding was used throughout for all joints. Butt 
welding was used throughout the shell, thus having the 
advantage of providing a smooth surface and decreasing 
the hull friction. 


Fig. 28.—Electrically Welded Coaster Fullagar, Built by Cammell- 
Laird Company, Ltd. 


VII.—1924—At Providence, R.I., was built and launched 
an oil barge 76 feet long, 21 feet wide and 11 feet in depth. 
Electric are welding was used for all joints. See Fig. 29. 

Mention should also be made of the attachment of anti- 
submarine bulges to the hulls of British battleships. The shell 
plates of these bulges were joined by are welding. The con- 
struction of such bulges involves more feet of welding and the 
use of thicker plates than the hulls of fair-sized ships. 

Are welding of practically all joints was used in a steel self- 
floating caisson for a 460-foot dry dock at the Hikoshuma 
Dockyard. Another Japanese enterprise was the arc welding 
at the Kobe plant of a floating crane pontoon 65 feet long and 
35-foot beam. 
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At the Norfolk Navy Yard a battle towing target 172 feet 
in length was completely arc welded in 1920. 

Several ships of considerable size have had portions of 
their hulls arc welded with a view to gaining experience. 
Among these may be mentioned the conversion of the steam 
trawler Dairyo Maru into a 300-ton deadweight oil lighter in 
1920, and the Hisco, a 1200-ton oil barge in which 60 feet of 
the midship section were arc welded. Further particulars of 


bn a i wee 


Fie. 29.—Electric Are Welded Oil Tanker. Built by the Saxe Providence 
Boiler Works at Providence, R. I. The total weight of this boat is 70 tons 
and its tanks have a capacity of 52,000 gallons. This boat was launched 
on Dee. 13, 1924. 


these undertakings are given in the report of Mr. Ewertz, to 
which reference has already been made. (See footnote 52) 

Pipe Welding.—Advantages of welding for long pipe lines 
were early realized. In the last few years there have been con- 
structed thousands of miles of welded pipe lines varying in 
size from small diameters to a very large application in Cali- 
fornia of a 90-mile water line of 65-inch pipe made from plates 
V-inch thick. 

Welding as applied to design and construction of industrial 
and power plant piping, including steam, water, air, and 
general fluid piping, possesses inherent advantages which 


WELDING OF IRON AND STEEL—ADAMS 347 


have led to its adoption in hundreds of instances. A compari- 
son of welded headers and cast-steel or cast-iron headers is 
illustrated in Fig. 30. On this job the 10-inch cast-steel 
header and drip pocket cost $1034 as compared with $332 
for the welded installation. 

The welded pipe joint is a satisfactory joint, easy to make, 
comparatively cheap for large-size or for high-pressure pipe, 
is a time saver, gives the designer perfect freedom in piping 
layout, and once made tight, stays tight. It saves in installa- 
tion cost, and it reduces the coal bill. The application of 


Io" CAST STEEL DRIP POCKET 


10” Steel Pipe Header with Lap Joint Flanges and X.H. Cast-steel Tees. 
; Fig. 30. 


heat insulation is also simpler and less expensive. Low-pres- 
sure steam distribution can be made in very cheap steel 
mains of large size, with the advantage of being able to 
be added to at very low cost. Welded piping installed 
under proper supervision is fully as reliable as any of the 
other types. 

Illustrations of pipe welding are shown in Figs. 31 to 34, 
inclusive. 

Tanks and Pressure Vessels.—This field probably offers 
one of the most striking examples of the advantage of welding 
over riveting because of the tightness of the welded joint up 
to its ultimate strength. Thousands of welded tanks have 
been constructed, varying in size from a few gallons to gas 


Fia. 31—The Gas Welding of Joints in 18-inch High-pressure Natural 
Gas Line. 


Fig. 32.—Bevelling Pipe for Welding. 


WELDING OF IRON AND STEERL—ADAMS 349 


holders of 3,000,000 cubic feet capacity, 200 feet in diameter 
and 130 feet high. The welding of roofs and bottoms of oil 
storage tanks is now becoming standardized practice. Many 
large oil storage tanks have also been completely welded. 
Not only have there been substantial savings in the construc- 
tion cost, but still larger savings in the case of tanks for hold- 
ing light oils and gases, because the welded construction 
reduces to a minimum the loss by leakage. For light oils, this 


Fig. 33.—Lowering a 112-ft. Section of Welded Pipe into the Ditch. 
Welded Water Pipe Line Installed by the Western Pipe and Steel Co. for City 
of Vallejo, Cal., in 1925. 


saving as compared with the riveted tank may in a few years 
equal the total cost of the welded tank. 

Welding is entirely adequate for the construction of all 
kinds of pressure vessels. It is confidently expected that the 
present restrictions in the A.S.M.E. Code in regard to welding 
will be modified and made more liberal, based upon the scien- 
tifie evidence now available and soon to be obtained by the 
Pressure Vessel Committee of the American Bureau of Weld- 
ing. Tanks designed for 250 pounds pressure have withstood. 
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pressures as high as 2400 pounds before bursting. Welding can 
produce a better and cheaper tank than riveting, when 
properly designed and constructed under approved technique 
and proper supervision. The test recommended by the Amer- 
ican Bureau of Welding for pressure vessels is indicative of 
the confidence which may be placed in properly constructed 


ee 


<> 


Fig. 34.—Welded Pipe Line Completed and Ready for Filling the Ditch. 


vessels. This test calls for hammering a tank when under a 
hydrostatic pressure of 114 times the working pressure, after 
which the pressure is to be raised to three times the working 
pressure and held there three minutes, except in the case of 
vessels of special construction, such as shell and tube brine 
coolers, condensers, intercoolers, etc., in which case the pres- 
sure shall be raised to two times the working pressure. This 
may be compared with the hydrostatic test of 11% times the 
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working pressure required by the A.S.M.E. Boiler Code for 
riveted vessels. 

A $100,000 research program is to be undertaken shortly 
by the American Bureau of Welding. 

Many types of steam and hot water boilers and fired pres- 
sure vessels for various industrial purposes ranging from low 
pressure to high pressure and high temperatures are now in 
successful use. 

As an illustration of what may be done by welding, there 
is cited the gasoline cracking still manufactured by the A. O. 


Fra. 35.—Close-up View of Oil Storage Tanks Being Built by the Western Pipe 
and Steel Company, Using the Semi-automatic Arc Welder. 


Smith Corporation. This still is made of 214-inch plates and 
is 41 feet in length, 5 feet inside diameter, 500 pounds per 
square inch working pressure, temperature inside 950° F., 
temperature of furnace 1500° F. On test, one of these stills 
withstood a hydrostatic pressure of 4700 pounds per square 
inch without affecting the welds. 

_ Examples of welded tanks and pressure vessels are illus- 
trated in Figs. 35 to 38, inclusive. 

Welding in the Automobile Industry.—In an article ap- 
pearing in the July 22, 1926, issue of Ford News, entitled 
‘Advance in Ford Welding Practice,” there is brought out 
the fact that in the last ten years welding has advanced to a 


Ita. 36.—Gas Welded Gasoline Storage Tank. 


Fig. 37.—Special Condenser Boiler Shell. All Seams Electric Arc Welded. 
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point where more than 200 different automotive parts now 
undergo welding at some point in their production cycle. 
More than 1000 men are engaged in spot and butt welding 
alone. In the Ford industries nearly three and one-half 
million spot welds are made every 24 hours on different 
T parts. These spot welding machines have been made 
practically automatic as far as current, time and pressure 
are concerned. 


es 


Fie. 38.—Tank 16” Diameter 36’ Long Made of 14” Steel Designed for a 
Working Pressure of 250 Pounds Withstood a Hydrostatic Test of 1650 Pounds 
before Failure. 


Such parts as the front radius rods and the drive shaft 
housing are examples of butt-welded Ford parts. In these 
examples, light, strong metal tubing is butt welded to termi- 
nal pieces or flanges which have been drop forged. Other vital 
parts, in the production of which butt welding is an important 
factor, are the clutch shaft, the differential ring gear, the 
starter ring gear, and the starter motor shaft. By means of 
the butt-welding process dissimilar kinds of steel are united 
in a solid valve ideally adapted to its function. 

The largest butt-welder in the world is located at the 
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Fordson plant; it will weld material up to eight inches in 


diameter. 
The Ford industries use 138 tanks of acetylene and 271 


tanks of oxygen per day, and about twenty tons of welding 
wire per year for gas welding alone. 

Thirty tons of welding wire are used every year for. arc 
welding in the Ford industries. Water tanks of from ten to 
fifteen thousand gallons in capacity are successfully welded 
by the arc method. Slag buckets, foundry charging floors, 
traveling conveyor tracks, turbo condenser castings, pipe 
lines, trolley poles, railroad ties, fence posts, and railroad 
track all represent instances where the are welding method 
has been successfully employed. 

Electric spot welding is particularly adapted to the fabri- 
cation of automobile bodies because the welds are strong and 
the cost low. In describing the applications of spot welding 
to the all-steel automobile bodies manufactured by E. G. 
Budd Manufacturing Company, Mr. Meadowcroft states: 


In the design of an all-steel body, much stress is laid on the design of the 
parts so as to secure the necessary rigidity with a minimum number of pieces 
so as to facilitate their ready assembly in the jigs and fixtures for welding. 
Welded joints and seams do not break open, nor do the metals wear upon each 
other, thus squeaks and noises are eliminated. The assembled bodies are light 
in weight, durable, free from any defective joints and present an exterior sur- 
face smooth and free enough from imperfections to permit good finishing. Any 
surface irregularities, such as blow holes in seams or improperly closed joints, 
would act as a reservoir for the finishing material, and if enameled and brought 
up to 450° F., in a baking oven, would produce a blow or blister. The surface 
must be absolutely smooth, without depressions or cavities in which more than 
the standard thickness of enamel can flow, and so that the lacquers and color 
varnishes can be applied with the minimum amount of labor. A smooth, un- 
broken surface eliminated puttying or filling up of crevices. 

When designing the various parts which are fastened together, much stress 
is laid on the method of welding to be applied, and a strict standard is adhered 
to at all times. The size and construction of the various types of bodies pro- 
duced for the many automobile companies plays a very important part in the 
amount of welding used, but the average amount of welds on open type bodies 
is as follows: 


1000 to 1100 electric spot welds. 
70 in. to 80 in. acetylene gas welding. 
10 in. to 12 in. metallic are welding. 
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On the full vision all-steel sedan bodies, the average amount ot welds is 
as follows: 
1600 to 1700 electric spot welds. 


170 in. acetylene gas welding. 
11 in. to 12 in. metallic are welding. 


The various stampings are formed in dies and assembled in special electric 
welding machines of our own design, which have many special attachments, 
enabling us to weld all parts or units together and hold them uniformly. It is 
with the aid or assistance of these special fixtures that we are able to hold all 
parts which have contours in their proper position while welding them. It also 
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Fic. 39.—Gas Welding in the Automobile Industry. 


insures safe and sound welds. This permits us to make sufficient allowance at 
all times in the special welding fixtures for expansion and contraction which 
so frequently is a source of trouble in welding large bodies of metals together. 

An example of gas welding on the thin metal of a mud 
guard is illustrated in Fig. 39. 

Rail Joint Welding.—About four years ago the American 
Electric Railway Association and the American Bureau of 
Welding united in an authoritative investigation of various 
types of welded rail joints in commercial use through a 
thoroughly representative committee which was organized in 
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1921. This committee has a membership of about sixty 
individuals, including Way Engineers of several of the larger 
street railway companies, representatives of manufacturers 
of welded joints and welding equipment, welding experts, 
scientists and testing experts. 

Welded rail joints have been in use on the various street 
railways of this country for a number of years. The paving 
prevents rails from buckling by expansion in hot weather and 
the welded joint, if properly made, is strong enough to with- 
stand the contracting strains during cold weather. The 


Fig..40.—Tender of Boston and Albany R. R. Co. Locomotive No. 513. 
Tank holding 8000 gallons of water and 12 tons of coal, completely welded 
(except grab handles). No defects after nearly five years’ service and over 
200,000 miles travel. 


problem of welded joints is a serious one to the street railways 
and making repairs in paved streets is very expensive. The 
idea of the importance of this may be gained from the fact 
that in a recent statement made by the Vice-Chairman of our 
Welded Rail Joint Committee he points out that if the Com- 
mittee could through its efforts improve the present life of 
the welded joints by as much as 25 per cent., it would result 
in an annual saving to the street railways of over $15,000,000. 

About $24,000 was contributed by the American Electric 
Railway Association, interested manufacturers and a number 
of the larger street railways for these investigations. Contri- 
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bution of services, materials, test joints, etc., would bring the 
total to more than $80,000. Four progress reports have been 
published by the Committee giving results of tests to date. 
These investigations will yield information of immense value 
to the street railways. Further progress is being made in the 
scientific analysis of stresses in rail joints and methods of 
improving the present seam welded type of joint. There are 
several distinct types of joints in commercial use on street 
railways, including the cast weld type, seam welds, resistance 
bar welds, resistance butt welds and thermit welds. 

Railroad Welding.—Until recently and possibly even now, 


— 


Fic. 41—Steel Frame for Railroad Motor Car All Welded. 


the greatest amount of welding in a single industry was that 
done on the railroads. Practically all forms of welding are 
used. The savings effected by the application of these several 
welding processes run into many millions of dollars annually. 
A list of some of the applications of welding in this field 
includes boiler welding, locomotive frame welding, side 
frames and couplers, reclaiming worn track, crossings, frogs, 
couplers, tubes, flues, axles, cylinders, fire-boxes. 

Some idea of the importance of welding in the building up 
of worn rail joints may be gained from the fact that, in a 
paper by Mr. Bergundthal of the Southern Pacific Company 
in 1925, he states that during the last few years the Southern 
Pacific Company has built up approximately 250,000 joints. 
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Last year alone, 75,000 joints ‘more than 200 miles of track) 

* were repaired at an expense which would have renewed only 
about 13 miles of track, or would have reclaimed 85 miles by 
the old method of cropping, drilling, ete. The reclamation 
plant at one point alone saved nearly $300,000 during the 
year 1924 in the repair of couplers and switch points. The 
total savings effected by welding in 1922 amounted to 
$735,000. 

Illustrations of welding on railroads are shown in Figs. 
40 and 41. 

Welding in the Structural Field—The application of 
welding in the structural field is as yet of negligible magni- 
tude, but the few applications and tests already made indi- 
cate that it has enormous possibilities. 

In Australia some pioneer work has been done in this 
direction in the construction of several large gas holders.* A 
number of tests were carried out to convince the engineers 
that welding was suitable for the purpose and to secure design 
data needed by the engineers. The drawings issued for these 
jobs gave as much detail with regard to the weld as would be 
the case were rivets being used. The size of the electrode, the 
number of runs and the lineal length of the electrode to be 
deposited per unit length of weld were all given on the draw- 
ing, thus insuring the necessary quantity of metal being 
deposited. In a paper presented before the Institution of 
Civil Engineers, Mr. J. N. Reeson states that the initial 
difficulties were not altogether confined to the training of 
welders and the building up of an organization in the shops 
and in the field, but also included the designing staff. As the 
designing staff became more familiar with this work, the usual 
structural shop routine was changed and greater use was 
made of jigs. 

The first all-welded holder was of 3,000,000 cubic feet 
capacity and was completed in 1922. The material required 


*The author makes no apology for the somewhat detailed description which 
follows, as it is one of the best examples available of what can be done by 
welding in the structural field. It may also be helpful to those attempting 
similar work in this country. 
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Fig. 42.—View of an All Welded Gas Holder at Melbourne, Australia. This 
derable saving was effected 


holder was originally designed for riveting but consi 


by substituting welding as a fabricating means. 
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for construction was ordered for riveting, and therefore diffi- 
culty was experienced in using the material to best advantage 
for welding. The side and crown sheeting was 9/64 inch 
in thickness and the sheets were nominally 8 feet x 4 feet in 


size, but much larger sheets would be preferable in a welded 
structure. A number of difficulties arose at the start because 
of the entire lack of knowledge of the effects of local heat by 
welding and the distortion caused by contraction. After con- 
siderable experimentation, these difficulties were overcome 
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and in the 15 miles of welded seam less than half a dozen 
weeps were observed on their being tested by means of soap 
and water under pressure. The second holder was of 234 
million feet capacity and had four lifts, each 35 feet deep, 
contained within a system of steel guide framing, consisting 
of 16 steel standards 144 feet high with five tiers of horizontal 
struts and diagonal wind bracing. 


Fig. 44.—Welders at Work Welding the Side Sheeting of One of the Lifts 
of the Floating Bell of a Gas Holder. The timber framing is used for the 
purpose of extending the joints before welding to compensate for contraction 
of welds in cooling. 


The next gas holder constructed enabled the company to 
take full advantage of welding, as the material had been 
designed for. welding. A number of modifications were made 
in the design, which experience had taught. The greatest de- 
parture from present-day practice is in the guide framing, 
which consisted of twelve bays of standards and bracing and 


five tiers of horizontal struts. 
The standards and struts are built of steel tubes, and the 
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whole is so welded as to form a very stiff structure. The stand- 
ards are 145 feet in length and 18 inches in diameter in the 
three lower tiers, and 15 inches in diameter in the two upper 
tiers. The struts are 15 inches in diameter in the three lower 
tiers and 12 inches in diameter in the two upper tiers; the 
metal is 14 inch thick throughout. The economy of this con- 
struction is apparent from the weight, since there are only 
125 tons of material in the entire guide framing. This com- 


Fie. 45.—Detailed View Showing the Guide Brackets in Position on the 
Tops of the Four Lifts and Bases of the Latticed Vertical Guide Standards of 
an All Welded Gas Holder. 


pares favorably with the usual latticed riveted structure, 
where at least 200 to 250 tons of material would be required. 
It is interesting to note that the maximum estimated stress 
in the framing is 10,400 pounds per square inch, with a wind- 
pressure of 40 pounds per square foot. 

The whole structure took seven months to fabricate and 
erect with a maximum number of 28 men, including welders. 
On testing no evidence of even a pinhole leak was discovered. 
The steel tank surrounding the floating bell is 102 feet diam- 
eter. Four tiers of plate were used, the bottom 3¢ inch, second 
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tier ;; Inch, upper tier 14 inch thick. Not a single hole or 
service bolt was used in its construction. The only shopwork 
was to roll the two bottom tiers to their proper curvature, no 
marking off, shearing, punching or drilling was done. All the 
joints, both vertical and horizontal, are lapped, and the land- 
ings were closed for welding by an ingenious method devised 
by the foreman erector, using a number of specially shaped 
clips cut out of old 44-inch or 34-inch scrap plate. The short 
end of this clip was tack welded in proper position to the top 


¥ic. 46.—Construction of Building for the Peerless Auto Sales Company, 
at Canton, Ohio, by the R. G. Witters Company. The framework of this 
building is being constructed with welded joints instead of rivets, the work 
being done by the Morgan Engineering Company of Alliance, Ohio. 


of the completed tier to give the required lap to the new tier, 
and a wooden wedge closed the plates. After securing the 
plates by tack welds, the clips were knocked off and again 
used for the next plate. 

Illustrations of this gas holder are given in Figs. 42 to 
45, inclusive. 

A two-story garage building (see Fig. 46) was constructed 
during the past year in Canton, Ohio. The contract for struc- 
tural work, originally designed for riveting, was awarded on a 
competitive basis with the understanding that welding was to 
be used throughout. Welding accomplished the end desired 
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at a lower cost with a much higher factor of safety. In order 
to demonstrate the suitability of welding, a sample of welded 
joint was made by welding an 8-inch I-beam to a column. A 
weight of 19,700 pounds was applied 4 feet from the welded 
joint. When this did not affect the joint the weight was lifted 
three feet by a crane and dropped. The top flange of the I- 
beam buckled out of line but there was no damage to the 
welded connection. 

Several chemical plants have been constructed by the use 
of the oxy-acetylene welding and cutting torch. Posts and 
beams were cut to fit, and were erected in place, and connec- 
tions were made on the spot. Runways and balconies, stair- 
ways, electric conduits, chutes and hoppers, guards, supports, 
door frames, and so forth, were welded. 

In 1920 an all-welded factory building was constructed in 
Brooklyn. The Bureau of Buildings of the City of New York 
made a test of a roof truss for this building by applying 
double the live load prescribed by the building code for such 
buildings. The load consisted of roof gravel in bags. At dif- 
ferent increments in the loading, readings were taken of the 
deflection in the truss of members, and these were checked 
each time from a bench mark. It is interesting to note that 
the maximum actual deflection of any part of the truss under 
full load was ,°; of an inch at the center of the span. Load 
was allowed to remain on the truss for 48 hours with no in- 
crease of deflection and then it was totally removed and read- 
ings taken. These latter readings showed that all points in 
the truss had returned to their original position, leaving no 
permanent deflection, with the exception of the center, which 
showed a deflection of 75 of an inch. 

Other examples of welded buildings are: Stables for the 
Olympia Horse Show, England, 1920. The building covers an 
area of over 9000 square feet, the span of the roof trusses 
being 14 feet. All-steel parts were cut to length and were de- 
livered to the site of the building ready for erection, where 
- two welders and four laborers obtained an output of 10 com- 
pleted trusses a day. 


Mill buildings at Brixton, England. This building has a 


Fic. 47.—Detail of Completely Arc Welded Building Built by the 
C.B. &Q. R. R. at Eola, IIl., for a Reclamation Plant. 
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saw-tooth roof covering 22,000 square feet, having roof 
trusses of three spans, each of 19 feet and supported on “H”’ 
section columns. Truss members were cut to proper lengths 
and then placed in jigs, where they were held in position and 
the joints welded. The truss was then removed and erected. 

The Chicago, Burlington and Quincy Railroad last year 
constructed a 40- by 60-foot mill-type building entirely from 
scrap structural steel. A very large saving was effected, as 
compared with the cost of a riveted structure. (See Fig. 47.) 

General Boilers Company has built several welded steel 
buildings. The buildings are single-story, 11 feet high at the 
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Fig. 48.—Typical Plate-insert Joint. 


eaves, and are used for manufacturing purposes. Details of 
two buildings, 25 feet by 85 feet, and one building, 25 feet by 
50 feet, are described in the October, 1924, issue of the 
“Journal of the American Welding Society. ”’ 

A number of tests have been made very recently to demon- 
strate the adequacy of welding for structural purposes, some 
of the more important of which are cited below. 

Gas Welded Roof Truss.—The Linde Air Products Com- 
pany recently made some preliminary studies resulting in 
what has been termed the “Insert Plate J oint.” A typical 


application, which was used in a series of tests to be described 
is illustrated in Fig. 48. 


q 
¢ 
= 


WELDING OF IRON AND STEEL—ADAMS 367 


It will be observed that a portion of the leg of members a, 
b, and ¢ has been removed. <A plate is inserted in the planes 
of the longitudinal legs of the toe-shaped members a, b, and c. 
It supplies the necessary metal for transferring stress at the 
joint. Union of these several parts is accomplished by oxy- 
acetylene butt welding, the result being a continuous plane 
of metal transferring the applied forces by means of welds in 
tension and shear in members a and ¢, and in compression 
and shear in member b. 

Tests of typical joints were conducted using standard 
angles and special wire giving high strength welds. These 
preliminary tests indicated that a tensile strength of 56,000 
pounds could be obtained. Complete designs were then pre- 
pared for a series of trusses of 40-foot span, one-quarter 
pitch, spaced 15 feet center to center, to withstand a load of 
40 pounds per square foot of horizontal projection. 

For comparison it was necessary to study a riveted truss 
designed and built from the same specification. Both design 
and fabrication were done by one of the leading structural 
fabrication companies, which furnished truss material for 
both the riveted truss and its direct competitor, all of which 
material was secured from the same rolling, and the physical 
properties of which were recorded. The yield point of this 
steel averaged 40,000 pounds per square inch. 

Fig. 49 shows the general view of the test arrangement 
with a welded truss under test. The hanging platforms (A) 
for loading and purlins, and (B) for holding panel points later- 
ally to heavy timber gantries, are clearly shown. The trusses 
under test were supported at either end by concrete piers, one 
providing for rigid anchorage, the other with a set of rollers 
and a rocker casting placed between bearing plates. Approxi- 
mately 40 tons of pig iron were accurately weighed for this 
test, each pig having its weight painted on in white numerals. 

In each, the upper chord failed by buckling between panel 
points. At no time was there any indication of joint distress. 
In the riveted and tubular trusses, signs of distress appeared 
before the 9000-pound panel load had been reached in pro- 
gressive tests. 
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TABLE 1.—SUMMARY OF RESULTS 


C arable : Average 
: Weg hint Max.Panel| Factors of Dsflention 
Kind of Truss Tricor Load, Safety Sa eee 
Pounds | Pounds | Developed] 3999) g00| 9000 
Case 1 i 
Preliminar Iuss, 
Welded. . ie ee ae 1199 10,285 3.42 .280) .620/1.03 
Case 2 
Riveted Truss........ 1161 9,000 3.00 .290} .620) ... 
Case 3 
Direct Competitive, 
Welded i's. ct ioe 1079 10,318 3.44 -250) .585/1.095 
Case 4 
Symmetrical Truss, 
Welded tor ster an, 5 oe 1079 10,043 3.44 .335| .695/1.13 
Case 5 
Tubular Truss, Welded 916 8,877 2.96 .285) .655) ... 
Case 6 
Tee Truss, Welded... 912 9,885 3.30 .265| .685/1.295 


Results of these tests, which afforded splendid opportunity 
for observing the behavior of welded construction under con- 
ditions of extreme stress, point toward a saving in metal in all 
members below the top chord. Furthermore, the theoretical 
amount of metal can probably be used in the secondary web 
members (now generally made much heavier than necessary, 
in order to hold the rivets) without causing difficulties as far 
as welded fabrication is concerned. These trusses, ready for 
erection, are shown in Fig. 50. 

Westinghouse Tests.—An extensive set of tests was made 
a few weeks ago by the Westinghouse Electric and Manufac- 
turing Company to determine whether the various types of 
connections required in the steel frames of buildings can be 
made satisfactorily by are welding. Some twenty specimens 
representing typical connections or forms of members were 
tested to failure in a 400,000-pound testing machine. 

The results were excellent; in every case the welded con- 
nection developed the full strength of the member, and while 
in three instances failure occurred at the weld, even here the 
ultimate load corresponded closely with the full strength of 


Fre. 49 —General View of 
Testing Arrangement. 


Fig. 50.—Plate Insert Trusses. 
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the connected parts. The elastic behavior of the members was 
satisfactory in all cases. 

Some riveted members and connections were tested, to’ 
establish a basis of comparison for the results obtained in the 
welded tests. The riveted members gave satisfactory strength 
results and excellent elastic behavior, but they were surpassed 
in strength by the competitive welded connections. 


: Tlti fe St 
Girder Tests Length Weight Yield at Sore eee ta 
Riveted girder...... 15 feet | 798 pounds} 55,000 pounds} 68,900 pounds 
Welded - girder of 
riveted design....| 15 feet | 785 pounds} 65,000 pounds) 77,200 pounds 
Welded girder of : 
welded design..... 15 feet | 795 pounds} 60,000 pounds} 110,350 pounds 


Tension Connections.—A two-angle tension member was 
tested in two specimens, with riveted and welded gusset-plate 
end connections, respectively (17 and 18, Fig. 51). Elastic 
failure occurred at about the same load in both, but the 
welded member reached a higher maximum load, because it 
was not weakened by the rivet holes. The respective maxi- 
mum loads were 72,000 and 94,000 pounds for the riveted and 
welded member, respectively, representing fiber stresses of 
53,000 pounds per square inch (net section) and 58,000, 
respectively. 

Butt-welded Beam.—A 10-inch I-beam, 7 feet long, cut 
at the center and joined by butt welding, supplemented by a 
4 by 38 inch cover splice plate 10 inches long on either 
flange, was tested as a simple beam. Elastic failure and 
maximum load occurred at 55,000 and 72,900-pound load, 
respectively, the maximum flange stress being 62,000 pounds 
per square inch. The weld was undamaged, and the beam 
failed by twisting of the load at one end, though the flange 
stress represents the full capacity of the material. 

Bureau of Standards’ Tests.—In order to obtain first hand 
information as to what might be expected from welding of the 
common garden variety, which would be met with in com- 
mercial fabrication in the shops, the American Bridge Com- 
pany made up a welded girder which was tested to destruc- 
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tion at the Bureau of Standards a few weeks ago. The girder 
was 15 feet long, having a web plate 14 inch thick and 24 
inches deep. The flanges were 12 inches wide, one 134 inches 
thick and the other 1% inches thick. Cover plates 9% inches 
wide and nearly as thick as the flange were used on both the 
top and the bottom flange. Nine stiffeners on each side were 
welded to both flanges and to the web. The loading of the 
girder was at the middle of a 13-foot, 6-inch span. Failure 
finally occurred by the buckling of the web after which the 
weld connecting the web to the top of the flange failed. The 
American Bridge Company will shortly erect a five-story 
frame building for the Westinghouse Company, involving 
about 700 tons of steel in which electric welding will be used 
exclusively in the fabrication and erecting operations. 
Proposed Investigation—The American Bureau of Weld- 
ing, with the codperation of the American Institute of Steel 
Construction, will shortly undertake a comprehensive scienti- 
fic investigation to secure fundamental information needed 
by the designers and contractors in connection with the use 
of welding in large steel structures. Some of the questions 
that have been outlined by Mr. J. H. Edwards, of the 
American Bridge Company, Chairman of this Committee, 
are as follows: 


(A) Can standard structural steel be satisfactorily 
welded and what are its limitations? If this grade of 
material is not suitable, what is? 

(B) What effect will the welding process have on the 
parent or main material? 

(C) Standard methods of making welds by different 
processes should be determined. Values on some 
unit basis for the strength of welds of different types 
should be fixed. 

(D) Some reliable way of controlling the mechanical 
and personal element in the making of welds and in 
testing the completed work should be established. 


Welding vs. Riveting in Steel Structures.—It may be of 
interest at this point to make a brief statement of the advan- 


<-> >- aly reayym, Pas * 


WELDING OF IRON AND STEEL—ADAMS 373 


tages and disadvantages of welding for steel structures as far 
as it is possible from present knowledge. 

1. A saving of steel by the elimination of many overlaps, 
brackets and angle connections, and possibly by the reduc- 
tion of sections. 

2. In some cases, such as that of lateral wind bracing, this 
elimination simplifies the architectural treatment of exterior 
and interior finish. 

3. The elimination of the noise of riveting. 

4. The elimination of layout and punching of rivet holes, 
as well as of the rivets themselves. 

On the other hand, the large scale use of welding will 
doubtless develop difficulties and disadvantages not now fore- 
seen, although many of these have already been met and 
overcome. 

One of these difficulties relates to tolerances as to length, 
camber, ete. 

For example, beams are now ordered 1 inch ‘“‘short”’ with 
a plus or minus tolerance of * inch. In a welded structure, 
these large tolerances would be very objectionable, as they 
would require either an excessive amount of weld metal to fill 
up the joints, or the use of brackets and angle connecting 
pieces, the elimination of which constitutes one of the savings 
of the welding process. 

The exact widths of web plates and the absence of con- 
siderable camber are not always of importance in riveted 
girders but are of considerable importance in the case 
of welding. 

Conclusion.—The establishment of welding as a depend- 
able industrial tool has opened up a new era as to economies 
and other gains which may be effected in fabrication. Ex- 
perience has shown what are the most important factors that 
enter into the making of successful welds. Among these are 
skilled workmanship, supervision, inspection, proper welding 
wire and base material, design, proper technique, and suitable 
apparatus. With each of these under intelligent control, a 
uniform and dependable product will be assured. 
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APPENDIX 


American Welding Society and American Bureau of 
Welding.—As the American Bureau of Welding is referred to 
in several parts of this paper, it has occurred to the writer 
that it might be of some interest to the readers of this paper 
to know something of the aims and accomplishments of the 
Bureau and its relation to the American Welding Society. 

The first codperation and research work in the welding 
industry started during the war under the auspices of the 
Welding Committee of the Emergency Fleet Corporation, of 
which the writer was Chairman. This coéperation was con- 
sidered so beneficial to the industry that it was decided to 
make it permanent by the organization of the American 
Welding Society, which organization took place in April, 1919. 
In order to carry on the research work in this field, the Ameri- 
can Bureau of Welding was organized (at the same time) as 
the research branch of the Society, but also attached to the 
National Research Council as the Welding Research Branch 
of the Council’s Engineering Division. The Bureau also has 
delegated representation from a number of other interested 
engineering and scientific societies. The purpose of this 
broad representation is to eliminate any possibility or suspi- 
cion of commercial taint from the pronouncements of the 
Bureau, and to render those pronouncements as unbiased and 
as scientifically sound as possible. 

In no other industry has codperative research been intro- 
duced at such an early stage of its history, and this fact is at 
least in some degree responsible for the enormous growth of 
the industry since the organization of the Society and the 
- Bureau, and especially for the soundness of that growth. 

Another rather unique feature of the Society is that it 
includes two intensely competitive groups, the electric and 
gas welding groups. If such an organization is to Serve the 
nation in the best sense of that word, it must first serve those 
industries which use welding by supplying such reliable in- 
formation as will enable them to select the best method for 
each job. Moreover, it is just this kind of Service which in 
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the long run will best promote the interests of the two 
competing groups of manufacturers of welding apparatus 
and supplies. 

The Society has members in eighteen foreign countries, 
and is the oldest and best known organization of its kind 
in the world. 

The Bureau has organized and carried out more significant 
research work during its short life than has any one of the 
older engineering societies during the same period. 

The aims of the Society and the Bureau are to promote the 
sound development of the welding industry, to promote the 
farsighted intelligent codperation of the various groups 
involved, and thus to serve industry as a whole, rather than 
to develop any one branch beyond its merits, at the expense 
of the user. 


Tue Cuarrman (Mr. John A. Topping): It is regretable 
that we had to limit Professor Adams in the presentation of 
his paper, and it is equally so that we find it necessary to 
limit the discussion for lack of time. The first on the list of 
those to discuss the Professor’s paper is Mr. J. D. Wright, of 
the General Electric Company, Schenectady, New York. 


Discussion By J. D. WRIGHT 


General Electric Company, Schenectady, N. Y. 


Professor Adams is to be congratulated on the complete- 
ness with which he has covered, in a relatively short paper, 
the very broad subject of ‘Welding of Iron and Steel.” I 
shall confine my discussion to a few brief remarks on electric 
welding applications. 

Electric welding has already become a manufacturing 
process of great importance, and its use by the industries is 
being rapidly extended. The development of automatic 
welding has been one of the important factors contributing 
to this increase. Automatic welding is most applicable to 
quantity production work where the seam is either straight 


or circular in form. 
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It may be used on other than straight or circular seams 
where the weld is long and the volume of production sufficient 
to justify the expense of a special travel mechanism to carry 
the arc along the seam. It may also be used on quantity pro- 
duction even where the seam to be welded is short, but the 
design of the work such that it may very easily and quickly 
be placed in, and removed from, the automatic welder. 

An example of the latter is the welding of Spicer universal 
joints on automobile drive shafts. Two automatic machines 
are used, welding on both ends of the shaft simultaneously. 

The welding of the longitudinal seams of tanks fabricated 
from rolled steel plates is another typical automatic opera- 
tion, which has been very extensively applied. The use of 
electrically welded plates, instead of iron or steel castings, in 
the construction of oil circuit breakers, transformers, and 
generator and motor frames has resulted in a material de- 
crease in the cost of manufacture. From several years of 
experience in making oil tight joints and seams, such as are 
required on transformer work, we have found that are weld- 
ing is about 15 per cent. cheaper than riveting. 

In a paper on Modern Steam Power Stations by C. W. E. 
Clarke and D. L. Galusha, presented at the May meeting of 
this Institute, mention was made of water-cooled walls for 
pulverized fuel furnaces. The side wall construction con- 
sisted of water tubes, to which flat longitudinal fins are 
welded, the fins completely filling the gap between the tubes 
and forming with the tubes a complete metal wall. The weld- 
ing of the fins to the tubes is interesting because of the length 
of the weld and the fact that two automatic welders are work- 
ing simultaneously on the same machine. The fins, which are 
about two inches wide and 3{¢ to 14-inch in thickness, are 
welded to diametrically opposite sides of the four-inch tubes, 
which vary in length up to 30 feet. Four welds are necessary 
to complete the job, two welds being required to hold each 
fin in place. The welding is done at a rate of about one foot 
per minute and two ares are used, so that one seam on each 
fin is welded in one passage of the travel carriage. The ma- 
chine on which the work is done (illustrated in Fig. 18 of 
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Professor Adams’ paper), consists of a bed about 30 feet long, 
grooved so that the tube to be welded fits in tightly at about 
half its diameter. The fins are then laid in position along the 
sides of the tube, and the whole locked in place by an ingeni- 
ous set of clamps controlled by compressed air. These clamps 
are so placed that the fin is pressed tightly against the sides 
of the tube at the point to be welded, and also prevented from 
moving vertically. The two welding heads are mounted on 
the same carriage which carries them the length of the tube, 
depositing metal at the same rate on both sides of the tube. 
When the end is reached, the carriage stops, the clamps are 
» released by a single movement of the control lever, the tube 
is turned over and again clamped, and the other two seams 
welded on the return trip of the carriage. 

One of the principal reasons for the success of the auto- 
matic welder, in this particular case, is the rapid and even 
deposition of metal on both sides of the tube simultaneously. 
With hand welding, for example, it would be practically im- 
possible to synchronize the rate of travel and the amount of 
metal deposited by two operators working on both sides of 
the tube at once, and even if it were, the cost would be pro- 
hibitive. If a welder were working alone, by the time he had 
welded the fin on one side, the contractive effect of the cool- 
ing weld would warp the tube so badly that it would be 
impossible to weld the other fin into place. With the auto- 
matic welder working on both sides of the tube at the same 
time, the contractive effect is OS neutralized, and 
the tube remains straight. 

One of the most interesting of recent developments is that 
process which has been called ‘‘ Atomic Hydrogen Arc Weld- 
ing.”’ In this process, as Professor Adams mentions, an arc 
is established between two tungsten electrodes and a stream 
of hydrogen blown through the arc. The heat of the arc dis- 
sociates the hydrogen molecules into free atoms which on 
being blown out of the arc recombine into molecules and give 
up the heat absorbed during dissociation, thus forming an 
exceedingly hot flame. If metal is to be added to make the 
weld, the filler rod must either be fed in by hand or laid in or 
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on top of the joint, the same as in gas or carbon arc welding. 
One of the great features of the atomic process is the preven- 
tion of oxidization of the weld, which as a result is extremely 
ductile and strong. 

Approximately 30 to 40 cubic feet per hour of hydrogen 
at 2 to 3 pounds gauge pressure are consumed by the average 
size torch used in our laboratory. Most of the experimental 
welding work has been on alloy steels such as chromium steel 
containing up to 35 per cent. chromium, nickel steel up to 85 
per cent. nickel content, molybdenum steel up to 20 per cent. 
molybdenum content, manganese steel up to 121% per cent. 
manganese content and many others. The results attained 
indicate that welds can be made by the atomic process which 
cannot be made by any other known means. It is not ex- 
pected that this process, when placed on the market, will 
supersede the present method of are welding, but it should 
greatly broaden the field of electric welding applications. 


Tue CHarrRMAN (Mr. John A. Topping): The next to dis- 
cuss Professor Adams’ paper will be Mr. A. M. Candy of the 
Westinghouse Electric and Manufacturing Company, Pitts- 
burgh, Pa. 


Discussion By A. M. Canpy 
Westinghouse Electric and Manufacturing Company, East Pittsburgh, Pa. 


Those of you who have had time to read Professor Adams’ 
paper will certainly appreciate that he deserves a great deal 
of credit for bringing together in one paper such a vast 
amount of information; and those of you who have not read 
it, will certainly be fully repaid if you will read the paper 
in detail. 

Professor Adams opens up a very fertile field for discus- 
sion, and it is too bad that the time is so short and we are so 
far past the luncheon period that we cannot really enter into 
a complete discussion of the paper. Of course there are many 
points that are probably controversial, and in order to make 
my remarks as brief as possible I am going to refrain from 
making any comments on any other phases of Professor 
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Adams’ paper than the Westinghouse tests, to which he refers 
on page 368. 

I would like to say, in connection with Professor Adams’ 
statement relative to those tests, that those of us who have 
been interested in arc welding for the past ten years have had 
dreams and visions and talked about welding structural 
steel for a good many years, and we found it about time to 
stop talking and get permission to build a building, and in 
that way have a so-called living example of what could be 
accomplished. For this reason, therefore, we decided to carry 
out these tests, not to determine whether or not arc welded 

“joints would be satisfactory, but to demonstrate to the public 
at large, interested in building construction, and to our own 
officers, that are welded joints could be depended upon when 
properly executed, and, of course, properly designed, to stand 
up to anything that the structure could possibly withstand. 

As to the economics of arc welded structures, that opens 
up a question which is yet unsettled, as Professor Adams has 
pointed out. I would like to say, however, that in the case of 
a small building, which we have just recently completed on 
our own premises at East Pittsburgh, a building 40 feet by 60 
feet and about 50 feet high, we saved roughly 25 per cent. on 
the structure, the cost being in the neighborhood of $3,000, 
against an estimated cost of the same building riveted of 
approximately $4,000. 

As you all know by this time, very likely, we have under 
way at our Sharon works a building of reasonable propor- 
tions, having a ground floor area of 70’ by 220’, being five 
stories high, with a mezzanine floor, making practically a six 
story building. The building will be approximately 80 feet 
high and will have a potential investment in the building of 
some $250,000. Sometime during the early part of December 
we expect to have a general demonstration, and invite those 
who are interested in this type of construction to the premises 
to see what is being done and probably witness a test on the 
building, loading up the third floor with a load approximately 
double the load which would be imposed upon the building 
in service. 
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In the first place continuity of columns can be obtained; 
whether or not it is desirable to take complete advantage of 
that yet remains to be seen. We have proven that with a 
given amount of material in the way of structural steel we 
can make a stronger structure by welding than can be ob- 
tained, as a rule, with riveting. The designs in this building 
and the designs for our test specimens have all been based 
upon the use of welding, and in almost: every instance the 
joints could not be made by the riveting process. 

In making these tests all the welding work was done with 
the bare electrode mentioned by Professor Adams, and all 
our tests were carried out with the members in exactly the 
position in which they would be in the case of an actual 
building so that our test results would be as fair as possible 
to the work. 

It is impossible in the time available to adequately cover 
the subject; but for those of you who are interested we have 
just issued a special bulletin outlining these complete tests 
and the structures which have been built by welding so far, 
together with vibration tests which we made, giving as com- 
plete a history as possible up to the present time. This 
pamphlet will be amplified as our information increases, as 
a result of building our Sharon building; but any of you who 
are sufficiently interested can obtain copies of this bulletin. 


THE CHarIRMAN (Mr. John A. Topping): Mr. James H. 
Critchett, of the Union Carbide and Carbon Research Labo- 
ratories, New York, will present a discussion of Professor 
Adams’ paper. 


Discussion By J. H. CritcHerr 
Union Carbide and Carbon Research Laboratories, New York, N. Y. 


Comment on Professor Adams’ paper can not be other 
than commendatory. He has covered the broad and diversi- 
fied subject clearly, fully and with fairness to the various 
methods. There has been a tendency in the past to consider 
the various types of welding in a partisan light, as though 
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strictly competitive. More recently this feeling has begun to 
be supplanted by an appreciation of the true condition, that 
the different methods are often as much supplementary as 
competitive. The engineering viewpoint which has been 
stressed in the paper is a recognition of this fact and is 
strongly recommended to your careful consideration. 

Even a cursory consideration of welding quickly brings 
into prominence the fundamental difference between the 
mechanical joint which has been used for such a long time, 
and the metallurgical joint which has been brought in more 
recently through fusion welding. A good comparison of the 
two types of joint can be had from consideration of two com- 
panion rotary lime burning kilns erected by my company 
about two years ago. They were both 8 feet in diameter by 
125 feet long, one being riveted and the other oxy-acetylene 
welded throughout. Careful strain gauge measurements, 
after a year’s operation, showed a strain in the riveted joint 
double that of the welded joint. The only explanation possi- 
ble is that already the riveting had loosened sufficiently to 
allow play in the joint. As originally constructed, the riveted 
and welded kilns were made from plate of the same thickness, 
but as a result of the additional stiffness of this welded kiln 
the next will be made from somewhat thinner plate. 

_ Another striking comparison was reported in the August 
issue of Mechanical Engineering by 8. W. Miller. A large 
pressure vessel 5 feet in diameter by 40 feet long was built 
for 300-pound working pressure oxy-acetylene welded 
throughout. When tested to three times the working pres- 
sure it failed through a head containing a manhole, failure 
being in the plate and not in the welding. The test brought 
to light the inaccuracy of the formule commonly used for 
the design of manhole openings. At a pressure 1/4 times the 
design pressure, the highest to which a riveted tank could 
have been safely tested, there was no sign of trouble. The 
point is that without the welded joint it would not have been 
possible to reach a sufficient fiber stress to test the formule. 

Again, if pipe joined by threaded couplings is given a 
sufficiently severe tensile stress, it will pull apart at the 
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coupling. Failure is not due to stripping the thread but to a 
reduction in the diameter of the pipe sufficient to unlock the 
thread. A similar test on pipe joined by welding will always 
result in failure at a higher load in the pipe itself. 

In the section of the paper on oxy-acetylene welding, a 
table is submitted showing the results of a series of tests on 
the strength of the actual weld metal. The figures show a 
minimum of 61,000 pounds and a maximum of 71,000 pounds 
per square inch. These figures refer to weld metal produced 
with welding rod developed specially for the oxy-acetylene 
welding of low carbon steel. Other rods have been developed, 
which with gas welding give strengths even exceeding 
100,000 pounds per square inch. Surely with metal of this 
quality we can weld structures with absolute confidence of 
their safety. 

These examples from actual experience confirm state- 
ments in Professor Adams’ paper on the strength of the 
welded joint. They suggest the possibility of using with 
safety higher fiber stresses 1 in certain structures where welded 
joints are used. 

One requirement remaining is the assurance that the weld 
metal will be of the quality expected. Professor Adams has 
shown in his paper, the means by which the engineer can 
have this assurance. Welding is no magic art and like all 
other things with which we deal, what we get out of it is in 
direct proportion to what we put in. In other words, if we 
will apply the same careful supervision, engineering, and 
manufacturing methods as are common in other types of 
production, we can have the same assurance of the quality 
of the product turned out by welding. This is sometimes 
called ‘‘the procedure control of welding’’ and is very thor- 
oughly covered by Professor Adams in the section of ‘‘Weld- 
ing Engineering.”’ 

Perhaps the easiest field from which to draw examples of 
the application of this idea of procedure control is that of the 
railroad repair shop. Here a multiplicity of welding opera- 
tions are regularly carried out with sufficient repetition to 
warrant publication in loose-leaf book or other form of care- 
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fully thought out and tested standard methods for doing the 
various types of welding. By so doing, the responsibility for 
the method of doing the job is removed from the welder and 
placed on the shoulders of the more highly trained and com- 
petent engineer, and the welder has responsibility only for 
the manner in which the instructions are carried out. In 
addition to this, many of the shops regularly test their 
welders by submitting a welded test coupon to an ordinary 
tensile test. By this system the poor welders are detected 
and their faults corrected, or they are shifted on to other 
work for which they are better fitted. An interesting example 
of the effect of this system on the quality of the work turned 
out by the shop has just come to my notice. A railroad shop 
employing 30 gas and 27 electric welders applied this system 
of test last spring and again this fall, the period elapsing 
_between the two tests being approximately six months. In 
the test last spring, the average tensile strength of all gas 
welds was 52.200 pounds per square inch; and in the test 
this fall, this strength had been increased to an average 
of 57,200 pounds per square inch. In the same period the 
electric welders had increased strength from 47,700 to 52,160 
pounds per square inch. In the fall tests, 90 per cent. of the 
gas welders exceeded a strength of 50,000 pounds per square 
inch and 65 per cent. of the electric welders exceeded the same 
figure. Such figures prove conclusively the claim of those 
sponsoring welding, that dependable high quality welding 
can be obtained by the use of only ordinary precautions. 
They also substantiate, with data obtained in this country, 
the example in Professor Adams’ paper drawn from experi- 
ence in Australia in the construction of large gas holders. 
Professor Adams stated that, in a general way, are and 
oxy-acetylene welding cover practically the same field. As a 
generalization, this is an entirely true statement. However, 
each of the various types of welding, which have been so care- 
fully described, has its particular application. The situation 
here is similar to, and no more complicated than, the one 
with which you, as steel manufacturers, are entirely familiar. 
Having seen the advent of the open-hearth process in the 
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steel plants theretofore almost entirely dependent upon the 
bessemer process and the addition of the electric furnace 
method for special grades of steel, you will no doubt be able 
to accept readily the statement that there are basic metal- 
lurgical differences involved in the various types of welding 
discussed, and that as a consequence each has a field in which 
it is most particularly applicable. It is the function of the 
welding engineer, whose advent Professor Adams has 
heralded, to know these differences and to apply the various 
processes with technical intelligence. 

Speaking as an advocate of oxy-acetylene welding, it can 
be safely stated that gas welding has unquestioned superi- 
ority in its ability to handle the widest variety of iron and 
steel compositions and non-ferrous metals and alloys. The 
surrounding envelope flame of burning gases creates a neutral 
atmosphere which protects the highly heated metal in the 
weld, enabling the welding of nickel, chromium, vanadium, 
manganese and other special steels. It also makes possible 
the use of welding rods containing these elements in the 
proper proportions for obtaining the highest strength welds 
in steel of the ordinary plate and structural composition. 
Likewise very valuable special work is possible such as the 
stelliting, or building up with stellite, of oil well drilling tools, 
dies and other parts subject to extreme conditions of one 
kind or another. The rate of deposition of molten metal is 
also very high, introducing a decided economy where the 
element of speed must be considered. 

There is one other phase of the welding industry which is 
of great interest to you, as producers of steel, and that is the 
question of the quality of metal suitable for use in the weld- 
ing industry. This applies both to the metal in plate, or other 
form, from which welded articles are to be fabricated and the 
rods added during the welding operation. The more modern 
welding rods and those capable of producing the highest 
strength in the weld need very little discussion. They are 
usually of the killed steel type and aside from the necessity 
of meeting a chemical specification, require only the ordinary 
freedom from non-metallic inclusions common in the high 
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quality of steel produced in this country in great tonnage. 
The older type of welding rod and the one still used in great- 
est tonnage is of very low carbon content and practically free 
of other elements with the exception of a small amount of 
manganese. Such a composition can be best made as a rim- 
ming or effervescing heat. From my experience it seems clear 
that the quality of this rod is dependent primarily on the 
condition of the metal tapped from the open-hearth furnace. 
The heat which rims properly produces a good welding rod, 
whereas the heat which cauliflowers in the mold produces a 
rod which sparks badly when re-melted under welding con- 


* ditions and is very difficult to control so as to produce a high 


quality of weld. The same may be said of the low carbon 
base metal used for the bulk of the fabrication done by weld- 
ing. An attempt to go into the subject of good and bad rim- 
ming heats before an audience so much more familiar than I 
am, would be presumptuous. It suffices to say that where it 
is known that a product will be fabricated by welding, the 
steel producer should pay careful attention to his melting 
practice and apply against the orders only those heats which 
have behaved properly in the molds. 


Tar Cratrman (Mr. John A. Topping): We have just 
one more paper before luncheon and that is on “Plate Mills, 
Recent Developments and Tendencies,” by F. M. Gillies, 
Superintendent of Plate Mills, Inland Steel Company, Indi- 
ana Harbor, Indiana. 


PLATE MILLS—RECENT DEVELOPMENTS AND 
TENDENCIES 


. F. M. Gruures 
Superintendent, Plate Mills, Inland Steel Company, Indiana Harbor, Ind. 


Probably the oldest of all rolling mills in a broad sense of 
the term was a plate mill. This does not mean that back in 
the dark ages of industrial enterprise plate mills existed and 
hot ingots or slabs were rolled into plate, but it does mean 
that the earliest historic records of rolling processes tell of 
the rolling of flat material. These records date back as far 
as 1495, and hazy historical data can be discovered farther 
back, but 1495 certainly is far enough to permit us to assume 
that sufficient time has elapsed to work out and overcome 
most of the problems to be encountered in the rolling of flat 
material. The experience of ages must have had its effect, 
for the manufacture of plate today has remained in principle 
comparatively static as compared with our earliest depend- 
able technically described methods. 

When Bernard Lauth brought out the three-high mill in 
1864, with the small diameter middle roll working between 
two larger top and bottom rolls, a historic change did take 
place and production on the three-high units showed a con- 
siderable increase over the conventional method of that time 
of employing two-high stands driven from the same engine, 
one to rough on and one to finish with ; the roughing mill 
using a roll without chill which was called the soft mill and 
the finishing stand employing the chilled surface to secure 
the finish. Lauth’s idea had little in it that could be termed 
a change in method of plate manufacture, although the 
smaller middle roll was a progressive step. His idea was 
rather to get away from the cumbersome reversing steam 
drives of that day and to take advantage of the single-way 
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drive and its important fly-wheel power. In this way he 
expected greater rolling speeds and greater tonnages with- 
out higher powered drives. His expectations were realized 
and surpassed and the three-high plate mill was the begin- 
ning of a new era in the manufacture of this commodity. 
It is well that the three-high plate mill came when it did, for 
it would be difficult to speculate how in years to follow the 
old method could have met the pressing demand existing 
even at that time in plate-producing centers. The three- 
high mill has met the requirements and has carried us to the 
present, when the demand for steel plate is greater than at 
any other time in the history of the industry, for indications 
are that the production of sheared and universal plate will 
be in excess of 4,300,000 tons in the current year, which will 
be the heaviest production ever turned out. 

When we consider that the tonnage of sheared and uni- 
versal plate produced each year exceeds the production of 
other important commodities such as wire rods, shapes and 
rails, the plate mill appears in a more important light as 

being a place where it is entirely possible to realize a profit 
_ or suffer losses. Since the war 24,897,759 tons of sheared and 
universal plate have been produced as against 20,205,211 
tons of shapes, 18,337,547 tons of wire rods and 17,281,658 
tons of rails; this, too, in a period when plates have been 
generally supposed not to be in great demand. Certainly a 
comparison of this kind is sufficient to prove that plates are 
important enough to warrant consideration. 

Since the war the consuming trade, according to average 
annual price lists, has spent over a billion and a quarter 
dollars for plates. This indicates that the plate trade is of 
no small dimensions and that it is deserving of much thought 
in method and means of producing better quality at lower 
cost. This idea of better quality at less cost in a business 
spending an average of $178,000,000 annually has developed 
improvements and will continue to develop them as long as 
there is need for them. . 

The most outstanding of the recent improvements is the 
electric drive and the use of electrical equipment in the gen- 


388 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


eral mill work. The word recent may be misleading in speak- 
ing of this improvement, for the year 1907 marks the begin- 
ning, but the start was slow and the new mills built in the 
war time and those changed over since the war are the recent 
cases which I bear in mind. We will not go into a descrip- 
tion of the drives and their benefits; much has been said 
already by others on this topic. It is sufficient to say that 
the advantages of electric drive are no longer a matter of 
discussion for it is generally conceded that whenever a steam 
drive is replaced by an electric, the production of the mill is 
substantially increased. The question arises in my mind 
here as to whether this truth exists because of the fact that 
the electric drive is superior in power or because engineers 
have been more liberal in their calculations of power require- 
ments on mills to be equipped electrically. I can see no 
reason why steam as a source of power could not turn out 
the same tonnage as an electric motor of like size. However, 
there are many supplementary difficulties that are overcome, 
and the additional economies gained by electricity are impor- 
tant and deciding. 

Improvement in design and layout of buildings used in 
the manufacture of plate have been brought out. There are 
five departments in the process and each of these depart- 
ments has its own requirements in the way of space, crane 
equipment, and light. The five departments, heating, rolling, 
marking, shearing and shipping, all have their well-defined 
limits and they should be naturally provided for in the 
arrangement of the building. The prime requisite of the fur- 
nace or heating building is to have ready and rapid access 
from the furnaces or soaking pits to the mills. In this way 
heat is not wasted and cranes, roller tables or slab buggies 
are not required to make long hauls, which mean increased 
upkeep costs and greater chance for delay. For this purpose, 
then, the transverse type of building at right angles to the 
mill and runout building is the best suited. The new mill 
buildings, or the rolling portion of the mill building, are high 
and well ventilated. This allows the heat to rise, steam to 
quickly clear the mill, and the increased light permits better 
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workmanship on the part of the men. Directly in line with 
the rolls, and runout which includes a flattening machine, 
comes the cooling bed; and still in line comes the marking 
bed where the plates are sized up, and the painting, stamp- 
ing, etc., are taken care of. This building is usually of the 
same width as the upper end where the mill is located and 
is usually better lighted to facilitate more accurate work on 
the part of the markers, and better ventilated to allow more 
rapid cooling. At the end of this marking table comes the 
shearing department and here the building widens out to 
permit sufficient spacing in the grouping of shears to turn 
long plates. The modern type of this building also has 
advanced in the provision for light. From the shear room 
the new development is to deliver the finished plate into a 
separate building or bay, usually parallel to the shearing 
building, in which the shipping department handles its work, 
which in the present-day status of hand to mouth buying can 
be rightly called a warehouse. The operators have long 
labored under the condition of conflicting requests of shears 
and shippers for cranes and the separate building has been 
a benefit to both departments. The separate shipping build- 
ing has facilitated and made more safe the individual plate 
inspection by inspectors who are called in to go over waiting 
material, and numerous other excellent benefits have 
been gained. 

The production of plates in the new type of buildings has 
made strides both in the quality of the product and the cost 
of production. This has been an improvement by evolution 
and few layouts can be found with all these improvements 
included, but they all exist in certain places and have had 
their good effect. 

Advancement in the heating end of the mill has been more 
in the kinds of fuel burned and methods of burning them 
than in the design of furnaces. The regenerative type of 
sand bottom furnace is still prevalent and has been so for a 
long enough period to certainly escape the caption of recent 
development. The continuous type of furnace with recupera- 
tors has given good results in places although the recuperative 
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type of this furnace has given way to the direct draft type 
in some cases. Here the water-cooled skid with its cold spot 
left on the slab is undesirable. The continuous furnace with 
the hearth at the discharge end to eliminate the cold spot 
has not proven an altogether satisfactory idea and almost 
presents an insolvable problem in heating heavy wide slabs. 
Continuous furnaces on mills where cold slabs are charged 
have relieved operators of bottom trouble to some extent, 
and the principle in which the slab progresses from a pre- 
heating temperature at the charging end to a high tempera- 
ture condition at the point of discharge we believe to possess 
merit in comparison to charging a cold slab into the hottest 
portion of a furnace from where a slab at rolling temperature 
has recently been drawn. 

Producer gas, pitch, oil, blast furnace gas, coke oven gas, 
tar, pulverized coal and natural gas have been used recently, 
as well as combinations of these. We find that certain fuels 
have shown economies over others, but steel plants adopt 
fuels for heating to accommodate local conditions in most 
cases. That is, plate mills attached to plants with coke ovens 
utilize the by-products and credit the production of coke at 
market coal equivalent figure in BTUs. Two manufacturers 
have tried using blast furnace gas mixed with other gas of 
higher heat value with resulting operating success and econ- 
omy. Pulverized coal has been successful for one plate 
producer and has succeeded in cutting in half the previous 
heating cost on oil in this particular mill. 

Equipment for the burning of liquid fuels has not arrived 
at a point of stability. Each fuel engineer or mill superin- 
tendent has worked out his own ideas, and personal enthusi- 
asms have made dependable data hardly available. Differ- 
ence in geographical location has so much to do with fuel 
costs that to compare heating costs of the various plate 
makers needs more than just going into the figures. How- 
ever, of this we are certain, most plate makers are heating 
their slabs or slab ingots as cheaply or more cheaply than 
ever before. This indicates development, for even with the 
Increasing cost of fuels we do not believe that any producer 
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has found his heating costs have increased and we hear of 
many cases where they have been materially reduced. 

The mills proper have experienced little change recently. 
The advance in roll turning, brought about by the introduc- 
tion of the plate roll grinder, has been a greater benefit to 
the rolling than anything recently developed in this end of 
the manufacture. The grinding machine does extremely 
accurate work and does it quickly, and entirely eliminates 
the necessity to depend on roll turners, who vary greatly in 
ability. Mill conditions are made more standard because of 
this mechanical method, for the grinding machine will pro- 
duce the same result on each roll, while irregularities are 
often produced on the surface of rolls turned in a lathe. 
These irregularities make the mills very difficult to operate. 
Accurately tapered rolls, always a difficult thing to produce 


in a lathe, can be produced in a grinder with ease on a very 


flexible basis. To further explain what is meant here; most 
mills have a certain standard set of tapered rolls which are 
made up for a week’s rolling or whatever period the main 
rolls of a three-high mill are allowed to work without dressing. 
The wear on main rolls depends entirely on the sizes being 
rolled and unless a mill is able to standardize on its product 
it is seldom that the same roll wear condition presents itself; 
nevertheless the tapered middle roll to fit this wear is stand- 
ard and even though unsatisfactory conditions do exist, and 
the roller must change his system of draughts often adding 
extra passes; there is little that can be done. The grinder 
has the advantage of being able to taper a roll in a short 
period of an hour or two to meet a special condition of wear. 
Of course, irregular wear cannot be prepared for, but unusual 
conditions are met and handled in a most satisfactory fashion. 

The tandem mill is not a new idea for before Lauth’s time 
the soft mill and finishing mill, of course, could be called 
tandem. However, the idea of two mills in line is a recent 
development. The inception of the tandem in line was the 
result of two demands—First, production, second, finish; 
but finish should be further subdivided into headings of 
gauge and surface. The tandem mill has been a success on 
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a specialized type of product, and has justified the ideas of 

increased production and better finish. It is a question as 

to the degree of success a well-designed iayout on larger mills 

handling a broader variation in gauges and sizes rolled would 

experience. All the tandem mills in successful operation, 

save one, have rolls only 84 inches long and specialize on. 
’ plates three-sixteenths of an inch thick and lighter down to 

14 and 15 gauge. Two 100-inch tandem mills have been 

operated but only one remains. That evidence may be indic- 

ative of its success. 

The tandem mill in principle has some attractive features 
which are sound and which will in years to come possibly 
mean a general adoption. No one can deny that the principle 
of roughing a slab or slab ingot on the same set of rolls with 
which a high finish is expected is a conflicting process, and 
the best results cannot be obtained. The tandem mill over- 
comes this. It is true that the roll speed employed in breaking 
down slabs should not be that employed in the finishing of 
plates where light draughts are used. The tandem mill has 
this flexibility; the roughing stand can be operated at the 
proper roughing speed and the finishing stand speed can be 
increased. This directly aids production and on the lighter 
plates finishes hotter material which is very likely to be more 
satisfactory from the standpoint of gauge variation and 
appearance. 

There seems to be a difference in opinion among the tan- 
dem mill builders as to which is the more successful, the 
two-high or the three-high roughing. Two prominent manu- 
facturers employ two three-high mills and two, the two-high 
roughing and three-high finishing. The results obtained 
appear to be about on a par. The increased cost of the two- 
high reversing drive installation has in all probability been 
something of a deciding factor here, for there is little advan- 
tage in one over the other except perhaps in case of possibili- 
ties of these mills going far enough into the jobbing mill 
business to roll pairs. Pairs cannot very well be roughed in 
a three-high mill with tilting mill tables and the two-high 
mill in this case presents advantages. In the adaption of the 
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principle to larger mills the two-high roughing has advan- 
tages that should be deciding. The roughing of heavy slabs 
on a tilting table, which must be built strongly but still light 
enough to work quickly, is, and always will be, a problem in 
upkeep. The two-high rougher eliminates this and allows a 
sturdy type of mill table to be employed. 

To summarize, the tandem mill has been a step in develop- 
ment, but has not up to the present proven a general benefit 
to the business. Its successful applications have been on the 
narrower mills rolling a more or less specialized product, yet 
the principle is sound and there is every reason to believe 
that it will have a widespread adoption on the wider plate 
mills in years to come. 

There has been very little development in the laying out 
of sizes on the plate, and the painting, stamping and other 
finishing requirements. The bulk of the sizing of plates is 
still done by templet, and the brush and the paint pot, along 
with the steel stamp and hand hammer are extensively used. 
Attempts have been made to economize by not using the 
templet, which is a costly method, but unsatisfactory results 
have maintained this method as the most reliable. One well- 
known manufacturer has installed a machine for the laying 
out of plates. This machine works on a carriage supported 
on slides on the opposite side of the marking table. It has a 
series of cross screw-shafts, with crayon holders running on 
them operated by electric motors geared to the carriage and 
connected to dials, which can be set for the various dimen- 
sions to be marked. This machine, we understand, is accu- 
rate and is handled quite easily and relieves several men. 
This may be the start of development along this line, but it 
still is quite inflexible and too slow for mills producing plates 
at a high rate per hour. The idea is substantial and it would 
be natural to deduce that good results would evolve. 

Painting and stamping present a difficult problem to 
improve on in method and no report of progress can be 
recorded here. 

The shearing end of a plate mill has always presented a 
problem to the operator. In this part of the plate mill, many 
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men are used and little mechanical apparatus has been intro- 
duced that is able to materially cut the number of men 
employed and at the same time maintain the standard of 
quality. The generally accepted layout for shearing is the 
location of the end shears at the end of the runout following 
the cooling and marking beds. The end shears deliver onto 
a caster bed of three or four times the width of the runout 
table, at the edges of which are the side shears, staggered so 
that it is possible to work on both shears simultaneously 
without the plates conflicting. This requires a crew to each 
side shear, a number of men to push from the end shear to 
the side shear and from one side shear to the other, plus the 
regular quota of scrap men. A few improvements on this 
method have been developed but they have not been convine- 
ing to the majority of plate makers and the caster bed and 
push gangs are still employed. 

The multiple rotary side trimming shear has been put 
into practice by some manufacturers. This machine trims 
both sides simultaneously and requires about the same num- 
ber of men that are employed on one gate shear. The push 
gangs are also eliminated. Of course, this machine is only 
able to shear rectangular plate and auxiliary shearing equip- 
ment has to be maintained and manned to take care of 
sketches and plates that are not standard, but the auxiliary 
shearing equipment can be worked only a fractional part of 
the time and in this way labor costs can be lessened and a 
primitive process abandoned. On the face of the facts it 
appears that there has been development, but here again we 
find that the rotary trimming shear has only solved the prob- 
lem in the production of lighter gauges and results on the 
heavier gauges have not produced a cut comparable to that 
obtained on a well-lined gate shear; and so again we find a 
specialized development, but with possibilities of mechanical 
improvement to take in all gauges. 

The most recent promising appearing shearing develop- 
ment is the Ennis table, invented by Mr. L. Ennis, of Dorman 
Long & Company, in England. His patent is a table which 
appears much like a section of the ordinary roller table but 
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mounted on wheels and operated on rails. The plate, after 
being end sheared, is delivered onto this table and trans- 
ferred to the side shears. Here by means of a double series 
of live rolls divided in the middle, capable of independent 
operation, so that they may be operated in unison and in the 
same direction of rotation, or so that those on one side of the 
table may be rotated at a slower speed than those on the 
opposite side or even in the reverse direction so as to secure 
a drag or slewing action to the plate, and in this way permit 
the operator to bring the plate on the table into position for 
shearing. In addition to the rollers there is a series of electro- 
' magnets, capable of being traversed across the table so as to 
hold the plate at any desired point. The faces of the magnets 
are just below the level of the top of the rolls and each magnet 
can be made free to revolve in its own bearings and be caused 
to act independently of the other magnets. This machine or 
method is being used generally in all recent shearing arrange- 
ments in English plate mills, and has been employed in prin- 
ciple by one American manufacturer. It is the first radical 
departure from the old method which still enables the pro- 
ducer to benefit by the cut of the gate type of side shears. 
From reports, present installations could not take care of 
the production of the average plate mill in the United States, 
but the principle is successful in eliminating labor, for it can 
be handled with one man to operate the table, one shear man 
and two scrap men to each shear. 

Another American manufacturer has started to develop 
the multiple side trimming shear, using the gate shear instead 
of the rotary. This is still in the experimental stage but fun- 
damentally is of sound principle and should evolve into 
something worth while in the direction of better quality and 
greater economy. 

Types of shears, like mills, have not changed appreciably. 
The electric shear has replaced the hydraulic in many places, 
but many operators do not feel that this has been an improve- 
ment. It has probably been the result of the widespread 
application of electricity to all rolling mill auxiliary machin- 
ery, and the decreasing amount of hydraulic power used. 
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The ability of the hydraulic shear to operate at variable 
speeds and to make fractional cuts has been advantageous, 
and if electric shears are to give the satisfaction obtained by 
the hydraulic, they must be built to equal their performance. 
The finishing ends of the mills are developing other appa- 
ratus to save labor—scrap conveyors, roller bearing casters, 
scrap coiling and handling accessories, and it should not be 
long before the sight of the overpopulated shear room will 
be a rare one. 

The shearing end is perhaps in more of a transitory period 
than any other department in the process of plate manufac- 
ture and it is only reasonable to assume that the principles 
which have just acquired a fair start will bring about great 
progress here. 

Before going on to discuss the tendencies of plate manu- 
ture, something should be said about developments in uni- 
versal plate mills, for until now developments in sheared 
mills has been the topic. Of the 24,897,759 tons of plate pro- 
duced since the war 7,562,788 tons have been rolled on uni- 
versal mills. This, in comparison with the country’s universal 
plate-producing capacity, shows the universal mills to have 
been more steadily employed than the sheared units. Unlike 
the sheared plate mill, there have been some new installa- 
tions since the war, but these have all specialized in the manu- 
facture of skelp and although these mills must meet a high 
quality standard, they cannot be classified as plate pro- 
ducers. The new universal skelp mills, however, embody 
recent improvements which would appear alike in universal 
plate mills producing plate. Probably the most outstanding 
improvements are the provision for more rapid changes of 
vertical and horizontal rolls. Vertical roll changes have 
always meant considerable delay and now, by new types of 
couplings and new housing design, have been improved 
upon considerably. 

The hand operated adjustable breaker block has gone 
into the discard; straightening adjustments are now being 
taken care of by an electrical screw which is operated by the 
mill screw operator. 
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Straightening devices are producing better results; the 
trade no longer accepts the one-eighth inch in five feet camber 
allowance for many purposes, and developments along that 
line are eliminating cambers. Straightening blocks between 
the mill and the cooling bed are limited by the rate at which 
the mill turns out plates, which in many cases is too rapid to 
allow plates to cool sufficiently to stay straight. Develop- 
ments to straighten further along the line are in order and 
are being considered. Until adopted, however, production 
will be held back and costs will be increased by the extra 
passes required in the mill to produce straight plates. 

New and stricter surface requirements on universal plates 
are bringing back the planishing stand. This is by no means 
new, but was discarded by many universal plate producers 
as unnecessary, and the plates have been finished on the one 
stand with the resultant cracked appearing surface. The 
planishing stand will eliminate this and will increase the 
production. 

The three-high universal mill has not enjoyed the popular- 
ity compared with the older two-high mill, that the three-high 
sheared mill enjoyed over the former two-high. Operators of 
three-high units have experienced trouble in producing 
straight long plates, probably due to the difficulty in obtain- 
ing stable roll alignment in the three-high units. Slight 
lateral or crossing movements of the middle roll will tell their 
tale on a long plate. Three-high universal mills, however, 
have proved satisfactory for the manufacture of skelp and 
new universal units to produce that commodity will probably 
be of the three-high type. The tendency of the producers of 
- universal plates, on the other hand, appears to be in the 
direction of the two-high mill with a planishing stand, in 
which a finish will be obtained by three passes or more. 

Methods of handling universal plates beyond the mill 
have changed little. The standard type of lateral cooling 
bed delivering into the end shear is producing satisfactory 
results and is economical. If one will produce a square edged 
plate, true to gauge, and straight with a smooth finish, very 
little criticism will result. These requirements with the 
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exception of straightness must result from the mill proper 
and progress is being made there. 

Today in the plate business we find what can be justifi- 
ably called an economic paradox. With the demand for 
plates greater than at any time in the history of this country, 
we find the price of this commodity lower than at any time 
in the last ten years with the exception of 1922, which felt 
the aftermath of the 1921 deflation when the plate produc- 
tion was only 24 per cent. of the country’s capacity. It is 
generally conceded that demand regulates price, but here 
with greater demand prices have dropped off. This goes to 
show that despite the great market for this commodity com- 
petition has dealt decisive blows which have produced a 
desirable situation only for the consuming trade. Not only 
has this competition lowered the price but it has stimulated 
each producer to. the point where he at times accepts busi- 
ness calling for special handling and increased production 
costs merely to keep from lowering his colors to rival manu- 
facturers, and in this way the customer enjoys a twofold 
blessing. From this there is only one conclusion to be drawn. 
The situation must be accepted and the sooner producers 
are convinced of it and meet the standards, the sooner will 
new requirements be produced on an economic basis. 

In the future the fabricators, tank builders, car shops and 
all other consumers are not going to expend money to put 
plates into condition for their uses but will specify the per- 
fect plate, accurate to dimensions, without gauge variations, 
and delivered to them so that they can be handled through 
their processes with the minimum of expense. This condition 
comes as a matter of self-preservation. Competition is just 
as keen in fields which consume plate as it is in the plate 
business. Mechanical labor-saving equipment and a low 
price for raw materials for their work are essential to making 
any manufacturing business a profitable one. Progressive 
industrial plate-using concerns are employing as many 
mechanical operations as possible, and this usually means 
that plates are handled either in numbers at the same time, 
which in turn means they must all be alike, or are handled 
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singly by a machine which is not able to alter its operation 
to fit plates which are a little off in some detail. The con- 
sumer is justified in his stand for the perfect plate and it is 
up to the plate makers to develop means of being certain 
of producing it. 

The tendency toward specialization is gripping the plate 
business and the manufacturer who can produce large ton- 
nages of any one type of plate is going to be most successful. 
An outstanding example is the work being done on the 84- 
inch tandem plate mill installations, which are doing the 
work of the jobbing sheet mill, and are showing excellent 
results. The country’s largest mills are specialists too, they 
do not attempt to operate on the ordinary run of sizes even - 
if they could be made. They cater only to the orders where 
size extras and quality extras make it worth while to operate. 

The mills attached to steel plants producing many other 
commodities besides plate are the ones which present-day 
conditions affect most seriously, for they cannot specialize 
and must operate on a very flexible basis, ready to produce 
all gauges and sizes, and qualities. These are the mills which 
must._be constantly looking for new developments, for they 
must be equipped to produce for the most exacting require- 
ments as well as those not so exact. The specializing ten- 
dency will always leave this type of mill out and these opera- 
tors must necessarily always be progressive enough to adopt 
any development that means advantage in producing cost. 

Before leaving the topic of specialization, we should 
speak of the increasing use of the slab and the decreasing 
use of the slab ingot. When considering the plate produced 
from the slab or slab ingot there is much to be said on both 
sides which could cause us to digress into the manufacture 
of steel and methods of pouring it. However, we will not go 
farther than to say that the plate mill is not constructed to 
do the work of a slabbing mill and that the breaking down of 
thick ingots cannot help but be exceedingly more costly on 
a plate mill, to say nothing of the ill effects that the plate 
mill experiences. Progress calls for mills specializing and the 
rolling of slab ingots into plate is in violation to this. There- 
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fore, it is reasonable to assume that the tendency will be to 
produce plates from slabs and not from slab ingots. 

The tendency of the automotive trade, as well as other 
industries which have drawing and pressing operations in 
their process, is to require a minimum of gauge variation 
from side to center of the individual plate. This will require 
changes in the design of mills. Variation from side to center 
of the individual plate is caused by wearing of the rolls and 
bending of the rolls, the latter generally known as mill spring. 
Design cannot alter roll wear, but it can stop roll spring. 
This can be done by using rolls larger in diameter, which is 
generally considered not desirable from a rolling standpoint, 
or by supporting or backing up the rolls, which come in con- 
tact with the hot steel, by rolls larger in diameter and usually 
made of steel. This prevents the chill rolls from bending, 
just as the main rolls of a three-high mill prevent the middle 
roll from bending. This principle has already been used 
successfully and the tendency now is toward an increasing 
popularity. Although we have not as yet heard of a five-high 
plate mill, it certainly is not beyond speculation. Present 
ideas along these lines appear in the way of a tandem layout 
with the four-high finishing composed of chilled iron rolls” 
backed up by steel. The process used will be standard tan- 
dem practice of roughing the slab down to a thickness where 
three or more passes in the finishing stand will be sufficient 
to take the thicker center out of the plate and produce a 
perfect surface. 

Shearing tendencies are incorporating closer tolerances. 
More particular edges, accurate dimensions, and no shear 
bows, all these will call for colder shearing, and perhaps 
resquaring and extensions to cooling beds to prevent the 
necessity of rehandling. Rehandling of material, however, 
appears to be a feasible future and, if this be so, the best 
move is to look to the businesses which have been handling 
the product of plate mills for years, the car shops, boiler 
shops and fabricators, and take advantage of all the experi- 
ence they have had and advancement they have made in 
equipment for economical handling of plate. 
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The tendency is plainly to meet the exact demands of the 
customer. The production of plate will probably not become 
less competitive and by this reasoning the sooner the plate 
manufacturers accept this to be the situation, the sooner 
will improvements be made and economies result. This will 
enable the operators to breathe more freely, knowing that 
they can face the trade without excuse and with an ac- 
ceptable product. 


Tur Cuatrrman (Mr. John A. Topping): Gentlemen, it is 
growing late, and I am afraid it will be necessary to adjourn 
‘in a few minutes. For that reason I am going to ask Mr. 
MeAllister, who will read a discussion of this paper, to please 
be on hand promptly at 2:15, at which time this meeting 
will reconvene for the afternoon session. Papers equally good 
to those which you have heard this morning will be presented 
this afternoon. 

The meeting was then declared adjourned and a recess was 
taken for luncheon. Members reassembled at two fifteen 
o’clock in the East Ballroom, Mr. E. A. 8. Clarke, Secretary 
of the Institute, in the chair. 


Ture Cuarrman (Mr. E. A. S. Clarke): On account of 
delay, I understand that the discussion of Mr. Gillies’ paper 
on “Plate Mills” was postponed until this afternoon. Mr. 
MeAllister, Engineer of Tests, Lukens Steel Company, 
Coatesville, Pa., will present a discussion of Mr. Gillies’ paper. 


Discussion By L. P. McALLIsTER 
Engineer of Tests, Lukens Steel Company, Coatesville, Pa. 


In tracing the development of our. plate mills and their 
products from the time of Columbus to the present year, we 
find that a direct relation exists between time and the evolu- 
tion of machinery. The progress has been slow and yet of a 
very steady nature. As men conceived the need of larger 
plates, mills were designed and built to meet these demands, 
and today we are no doubt presenting a bold front to the 
users of plate and asking them to design their constructions 
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to the width capacity of our mills. This does not mean that a 
mill such as the 206’ mill operated by the Lukens Steel 
Company is far in advance of all present needs, but it is a 
challenge to the users of plate to consider larger constructions. 

It is not possible to conceive of the products of our present 
day mills being hauled to destination by a team of horses. 
Our advance has gone so far that we have been compelled to 
ask the railroads to build special low-bottom cars in which to 
load our wider plates, so that they may pass under the 
modern railway bridge. The present day engineer in design- 
ing any plate construction is not handicapped in the supply 
of products to meet his needs. He is not compelled to alter 
his master project because no mills exist to furnish his partic- 
ular quality, size or amount of material. He faces a market 
offering the lightest sheets practical for use, to the heaviest 
gauge plates for still stock. In this range he finds sizes, both 
narrow and wide, and accordingly plans his structure to meet 
its requirements for use, rather than to the available mate- 
rial, for in this he is not limited. The present cry is for more 
power and this in turn necessitates larger and higher pressure 
boilers. This reflects itself on the mills in demands for heavier 
gauges and larger one-piece boiler shells. 

To meet all these demands the plate mill owners have been 
compelled to install machinery and appliances in order to 
turn out a satisfactory product. The advance has not con- 
fined itself to size alone and we all know that along with this 
has come the request for better physical and metallurgical 
properties. We, as manufacturers, no longer are able to 
recommend to our respective buyers the kind of plate advis- 
able for a particular project, but rather we must accept 
specifications for finished products which years ago would 
have been considered ridiculous. Requirements as to sur- 
face conditions of plates are very rigid and great care must be 
exercised at the mill proper to eliminate all possible defects. 
Consumers are accepting today only such qualities as they 
consider suitable for the use intended, and no longer can the 
much quoted ‘‘commercial practice” be used as a standard. 
The users of plate today do not ask if material can be sup- 
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plied with certain qualities, but rather are insisting on the 
mills meeting their specified instructions. Often times it is 
found that some of these instructions are very unreasonable 
and that many restrictions are noted on orders, and when 
traced to their source find that they emanate from some 
totally unnecessary cause. It must be admitted, however, 
that to maintain a volume of trade, orders must be accepted 
with more or less limiting qualifications. Directly coupled 
with this comes urgency of delivery. Shops are working on 
close margins and delays in shipments result only in dissatis- 
fied buyers. No stock of plate is being carried today and the 
mill owner must be equipped to devote unified efforts to 
expedite delivery. By virtue of furnishing plate in exact 
conformity to specifications of flatness, straightness, shear- 
ing tolerances and surface conditions, and also shipping dates, 
the manufacturing cost necessarily increases. It is perhaps 
not too optimistic to say that we can meet the majority of 
requirements put upon the mills today. To do so, however, 
we must convince our buyers that some compensating in- 
crease in sales price must be added to protect operating 
profits. The constant infringement of hardships on the plate 
mills cannot be absorbed continuously and only sound eco- 
nomic principles need be applied to this line of reasoning. 


Tue CuarrMan (Mr. E. A. S. Clarke): The first regular 
paper of the afternoon session is by Mr. Ambrose N. Diehl 
on the ‘Action of Sulphur in Basic Open-Hearth Steel 
Practice.”? Mr. Diehl is Vice-President of the Carnegie Steel 
Company, Pittsburgh, Pa. 


ACTION OF SULPHUR IN BASIC OPEN-HEARTH 
STEEL PRACTICE* 


A. N. Drea 
Vice-President, Carnegie Steel Company, Pittsburgh, Pa. 


This paper is presented with the desire that it be con- 
sidered in connection with one read by the author before the 
Institute in May, 1926, and will be confined principally to the 
action of sulphur in basic open-hearth steel practice. As 
mentioned in the previous paper, the object of this experi- 
mentation and research on the part of the Company was to 
develop a more complete knowledge of reactions and element 
balances, as an assistance to the further study of the metal- 
lurgy of steel making, especially directed to the elimination of 
objectionable metalloids. The tests were made for the most 
part at the Duquesne Works of the Carnegie Steel Company, 
but, in addition, data from other plants of the same Company 
have been included. Some repetition of data given in the pre- 
vious paper is necessary, but this has been unavoidable in 
order to clearly outline the practice under discussion. 

In order to show the effect of the different elementary 
factors and materials as they are involved and their relation 
to sulphur characteristics, each will be taken up separately. 
It is the aim to give not only the data pertaining to practice, 
but such allied tests and deductions which may be of inter- 
est to the industry. 

The principal elements comprising an open-hearth charge 
are pig iron, scrap, ore, limestone, dolomite, fuel, slag and 
refractories. In most of the heats under discussion we are 
considering an operation with sufficient molten metal to 
require a run-off slag. Tables 1 and 2 show sulphur element 


é * This paper supplements a paper presented May 21, 1926, under the 
title of ‘‘ Data Relating to Basic Open-Hearth Steel Practice.” The detailed 
data presented in the previous paper should be considered in connection with 
the present study of the action of sulphur. 
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balances made on each of 20 open-hearth heats for the pur- 
pose of studying the influence of the various materials enter- 
ing into the charge, as well as those resulting from the process. 

It will be noted that in a majority of cases a deficiency 
exists in the sulphur leaving the furnace. The deficiency was 
partly caused by some of the sulphur being carried away, as 
a gaseous oxide, with the waste products of combustion. In 
the few cases in which an excess amount is shown leaving the 


ay 
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Fic. 1.—Influence of Sulphur Content of Pig Iron on That of Finished Steel. 


furnace, bottom trouble was experienced during the heat, and 
the excess was probably contained in the material eroded 
from there. 

INFLUENCE OF Pig IRON AND ScRAP 


Pig Iron—The primary function of the basic open- 
hearth process is to make steel by refining pig iron and ac- 
cordingly this material will be considered first. The influence 
of the sulphur content of the pig iron on that of the finished 
steel is shown by curves derived from average monthly 
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_ sulphur analyses of pig iron and steel when using natural gas 
as a fuel, graphically presented in Fig. 1. 

It will be noted that an increase or decrease in the sulphur 
content of the pig iron results generally in a relative change 
in that of the steel, but the peaks of the steel curve are not 
as pronounced as those in the iron. This is caused by the 
balancing influence of the scrap charge which -tends to 
equalize any extremes which might be expected in an all pig 
iron heat. | 

The silicon content of the pig iron has a marked effect on 
the sulphur content of the finished steel. An increase of sili- 
con in the iron causes an increase of silica in the slag formed, 
often resulting in a correspondingly high sulphur content of 
the finished steel. The action of silica in the slag is dealt 
with in detail later. 

Scrap—General practice in making up an open-hearth 
charge requires varying percentages of scrap ranging from 
25 to 75 per cent. In some practice these limits are exceeded. 
This investigation involves mostly heats containing 40 to 
60 per cent. scrap. 

The influence of the sulphur in the scrap is similar to that 
of pig iron, in that, on melting, the sulphur content is carried 
directly into the molten bath, and unless removed will appear 
in the finished steel. In most steel mills, a large percentage of 
the scrap used in the open-hearth is made in the plant, either 
as pit scrap from the open-hearth or crop ends and rejected 
material from other sources. From this it can be seen that if 
a plant has been making high sulphur steel for a period, the 
scrap returned for use in the open-hearth will have a high 
sulphur content. If the charge comprises approximately 
40 per cent. scrap, the influence of its sulphur content is 
very noticeable. 

The type of scrap which offers a large surface for absorp- 
tion tends to increase the sulphur content of the metal bath. 
An example of this is shown in the following test. A bundle of 
skelp scrap was placed on top of the regular charge in an 
open-hearth furnace, close to the exit port end, and allowed to 
remain for fifteen minutes. Producer gas was used as fuel and 


ca 
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the flame extended across the furnace so as to envelope the 
bundle of scrap. Table 3 gives the sulphur content of the 
scrap before and after being placed in the furnace. 


TABLE 3.—EFFECT OF SULPHUROUS FUEL IN MELTING SCRAP 


Per cent. sulphur in steel before being placed in furnace.......... .027 
Per cent. sulphur in steel after heating. .........2..00000.0500+ .069 
REMeeMU Ast PMT MN SCALE se . «oro cu icjan he ela ehreure hetineto Gare somes a .04 

Per cent. sulphur in scale based on per cent. Feinscale........... .053 
DrMle normed, per Celts Of BUCEL. <1... .cdsies awed esse swag oh us 30.00 

Average per cent. sulphur in steel and scale after heating......... .063 
Increase in per cent. sulphur content of steel..................-. 036 


In order to show the effect of sulphur absorption by hot 
steel, the following tests were made involving both open- 
hearth and soaking pits, using by-product gas as a fuel. 

In the first tests, eight ingots were placed in each of two 
soaking pits, the by-product gas containing approximately 
four grains of sulphur per cubic foot. In one pit the combus- 
tion was maintained incomplete and in the other complete 
and with excess air. The ingots were charged cold into the 
pits and allowed to remain six hours and twenty minutes. 
Drillings were made before and after heating, on two surfaces 
of each ingot, that facing the flame and that away from the 
flame. The four points on each of the two faces selected for 
samples were evenly spaced from top to bottom of the ingot. 
Table 4 gives the results of the test, expressed as averages of 
the analyses obtained from samples of the eight ingots. Sam- 
ple No. 1 is the average of the results obtained from the top 
drillings of the eight ingots, and Sample No. 4 the average 
from the bottom drillings of the eight ingots. 

During the complete combustion test, difficulty was ex- 
perienced in maintaining an oxidizing flame at the bottom 
of the pits, which resulted in an increase in the sulphur 
content of the steel at this point, instead of the decreases 
which occurred at the other three points. 

Another test of sulphur penetration was made on an ingot 
placed in soaking pits heated by by-product coke oven gas. 
The ingot in question contained nickel and was produced in 
an electric furnace. It was placed in the soaking pits for two 
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hours, removed, and again replaced and heated to a rolling 
temperature. The ingot was then removed from the pits and 
allowed to cool. 

Hight samples were taken from the side facing the gas 
port, also from an adjacent side, and the analyses are shown 


TABLE 4.—EFFECT ON HEATING INGOTS IN SOAKING PITS 
WITH SULPHUROUS GASES 


Complete Combustion Incomplete Combustion 
Samples} Side Facing Side Away Side Facing Side Away 
Flow from Flow Flow from Flow 


Average | Before | After | Before | After | Before | After | Before | After 
of Eight |Heating) Heating] Heating Heating Heating|Heating|Heating| Heating 
Ingots Per Per Per Per Per Per Per Per 
cent. | cent. cent. cent. | cent. cent. cent. cent. 
Sul. Sul. Sul. Sul. Sul. Sul. Sul. Sul. 


1 -0368 | .0363 | .0359 | .0358 | .0326 | .0344 | .0330 | .0359 
2 0388 | .0351 | .0341 | .0316 | .0320 | .0439 | .0310 | .0354 
3 0384 | .0318 | .0325 | .0346 | .0306 | .0471 | .0301 | .0323 
a 0363 | .0394 | .0295 | .0378 | .0300 | .0526 | .0329 | .0345 


Analysis of Gases in Pit Analysis of Gases in Pit 
COE traaesrert 5.4 per cent. SOP Hee 5.7 per cent. 

Ohana eae chen. 12.1 per cent. 94.53.0573 9.5 per cent. 
LW Reiter stab Menpirse 0.0 per cent. SO eee a 3.2 per cent. 

Na ees Sei, exteecte 82.5 per cent. Neale w 81.6 per cent. 


below. The drillings were taken 7} inches apart, and num- 
bers 1 to 8A, inclusive, were of a maximum depth of + inch 
down the face of the ingot. Numbers 1 to 8B, inclusive, were 
drillings taken from the same holes, #: inch deeper than 
A. Numbers 1 to 8C, inclusive, were drillings taken from 
the same holes, 3°: inch deeper than B. Numbers 1 to 8D, 
inclusive, were drillings taken from the same holes, + inch 
deeper than C series. Numbers 1 to SE, inclusive, were drill- 
ings taken from the same holes, + inch deeper than D series. 
Similar drillings were taken on holes 9 to 16, inclusive, on 
an adjacent side of the ingot. The results of these tests are 
shown in Fig. 1A. 

The results indicate a definite surface sulphur absorption 
where high sulphur gas is used, and may be the probable 
source of many of the cracks formed in the blooming process. 


— —_— 
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It also shows a higher absorption of the side exposed to the 
gases containing H,S, which may be in contact with the steel 
before final combustion. 


The second investigation was conducted in an open-hearth 


LADLE .039 SULPHUR 


OEP Ee OF HOLES FROM SURFACE 
é 3 . 


123 051 088 046 © .044 


DEPTH OF HOLES FROM SURFACE 
8 Er x i i 


235 130 065 O47 046 


217 120 ,OT0 052 .048 


071 055 050 .049 .046 
. " 180 086 055 .046 047 


169 .099 070 §=.048 = 045 
SiIDE STRUCK 


05. A 056 049) 045 
A ee es 135 .O75 .060 047 046 


S06, eOsON OSI) 1.049. 01s e= 158 098 .060 .047 046 


169 (070 055 047 .049 


ATt 056 .053 044 049 


Fre. 1A.—Sulphur Determinations Taken at Various Depths on Nickel Steel 
Ingot Heated by By-product Gas. 


SULPHUR RESULTS 


No A B C D E 
1 235 .130 065 047 046 
2 217 .120 .070 052 048 
3 180 .086 055 046 047 
4 169 .099 .070 048 045 
5 135 075 .060 047 046 
6 158 .098 .060 047 046 
7 .169 .070 055 .047 .049 
8 .134 056 .053 044 049 
a!) 123 051 .048 046 044 
10 .081 .056 055 048 .047 
11 071 055 .050 .049 .046 
12 .059 .058 054 046 045 
13 .059 055 .056» .049 045 
14 .060 .050 051 .049 045 
15 .064 055 051 048 045 


16 075 059 - 047 .046 045 
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furnace using producer gas as fuel, in which two bars were 
introduced across the width of the furnace, one at the end in 
which the fuel gas was entering and the other at the end in 
which the waste gases were leaving. Samples were taken of 
the bar before and after heating, and of the scale formed 
during heating, at four points on each side of each bar, 7.e., 
the side facing and the side away from the flame. Samples 2 
and 3 were directly in line with the gas port, and Samples 1 


TABLE 5.—SULPHUR ABSORPTION BY SCRAP IN OPEN- 
HEARTH FURNACE 


Bar in Front of Inlet Port 


After Heating 


Before 
Seana Heating Facing Flame Opposite Flame 

No. : Sulphur in : Sulphur in 
Per cent. Spin? | Seale as Per ier eles Scale as Per 
Sulphur Dar nik cent. Fe in Per cant, | me. Fe mm 

3 7 Scale Scale 

1 .074 .076 -090 .076 .O77 

2 .076 .076 141 .077 .129 

3 .076 .O75 141 .078 .129 

4 .076 .077 .077 -076 051 

Bar in Front of Outlet Port 

1 .075 .075 .026 .073 .039 

2 .076 .074 .026 .074 -026 

3 .075 .074 .026 .074 -026 

4 075 .074 .026 .075 -051 


and 4 were on either side of the gas port. During the eleven 
minutes in which the bars were in the furnace, the one in the 
inlet port end of the furnace was completely blanketed with 
flame, except at Sample No. 4. The bar in the exit port end 
was in an oxidizing flame as shown by the following analysis 
of exit gases: CO,, 14.2; O,, 4.5; CO, 0. The results of the 
test are shown in Table 5. 

It will be noted, that with incomplete combustion the iron 
oxide scale absorbs sulphur readily, but that in an oxidizing 
atmosphere the original sulphur in the steel is partly elimi- 
nated in the scale. The analysis of the steel shows very little 


SULPHUR IN BASIC OPEN-HEARTH PRACTICH—DIEHL 413 


change in sulphur content. This is probably due to the short 
time (eleven minutes) during which the bar was in contact 
with the products of combustion. A longer period was impos- 
sible as the bars would have melted. 


INFLUENCE OF FUEL 


The principal gaseous fuels used in open-hearth practice 
are natural gas, by-product gas, and producer gas. Natural 
gas contains no sulphur; by-product gas contains normally 
from 3 to 6 grains per cubic foot as hydrogen sulphide, de- 
pending on the sulphur content of the coal used in the coke 
ovens; while producer gas contains from .25 to 1.80 grains 
per cubic foot, both as hydrogen sulphide and in solid form, 
derived from the small particles of fine coal blown out of the 


TABLE 6.—QUANTITY OF SULPHUR PRESENT IN THE FUEL FOR 
AN OPEN-HEARTH HEAT 


Natural | By-product| Producer 
Gas Gas Gas 
Cubic feet per ton steel.............- 5,000 10,000 35,000 
Grains of sulphur per cubic foot...... 0 4 Wi) 
Tons of steel per heat.............-- 60 60 60 
Pounds of sulphur per heat.......... 0 343 225 
Per cent. | Per cent Per cent. 
Original content of sulphur in bath... . .030 ‘ .030 
Final sulphur content of bath if all 
sulphur were absorbed..........-- .030 285 .197 


producer with the gas. Table 6 gives the weight of sulphur 
normally carried into the furnace by the different gases 
during an average 60-ton heat, and the amount the metal 
would be increased in sulphur content if the sulphur were 
all absorbed. 

Table 6 shows that sufficient sulphur is present in both 
by-product and producer gas to ruin any heat if only a small 
percentage of it is absorbed by the material in the furnace. 

In open-hearth furnace operation, a change in the sulphur 
content of the fuel gases is very evident in the sulphur analy- 
sis of the finished steel. In Fig. 2 are shown two curves, which 
give the average sulphur contents of pig iron in the mixer and 
of the finished steel for the month of August, 1922, on all 
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furnaces operated in an open-hearth plant. The peak in the 
curve of sulphur content of finished steel between the 13th 
and 17th is very marked, and corresponds to the period in 
which by-product gas, containing an average of four grains 
of sulphur per cubic foot, replaced natural gas with no 
sulphur. 

The fuel for the open-hearth department of one steel 


Fig. 2.—Comparison of Sulphur Content of Pig Iron Used and Steel Made When 
Using Natural Gas and By-product Gas as a F uel. 


plant consists of a mixture, in varying proportions, of by- 
product gas containing four grains of sulphur per cubic foot 
and natural gas containing no sulphur. The percentage of the 
heats of steel that finished over .040 per cent. sulphur, the 
percentage of casts of iron that were over .030 per cent. sul- 
phur, and the ratio of the two have been tabulated with 
the percentage of by-product gas in the fuel mixture 
for each month from January, 1924, to November, 1925. 


From this table (Table 7) the curves of Fig. 3 have 
been drawn. 


—— a 
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Considering the general trend of the curves, it is seen that 
the percentage of heats with over .040 per cent. sulphur, as 
well as the ratio of high sulphur heats to high sulphur casts, 
rises with the percentage of by-product gas and consequently 
with the sulphur in the gas. This is further shown when the 
months having similar percentage of by-product gas are 
averaged, as shown in Table 8. 
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_ Fig. 3.—Effect of Mixtures of By-product and Natural Gases on Sulphur 


Content of Finished Steel. 


The increase in the sulphur content of finished steel, 
caused by the use of by-product gas, can best be eliminated 
by removing the hydrogen sulphide from the gas. 

Ail that has been said concerning the injurious effect pro- 
duced by the hydrogen sulphide content of by-product gas is 
true of producer gas. However, in addition to hydrogen sul- 
phide, the producer gas contains particles of dust carried 
over from the producer. The dust consists mainly of the fines 
in the coal charged into the producer and contains a higher 
sulphur percentage than the lump coal. 
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TABLE 7.—EFFECT OF MIXTURE OF BY-PRODUCT AND 
NATURAL GASES ON PERCENTAGES OF HEATS FINISHING 
OVER .040 PER CENT. SULPHUR 


Steel, Heats |Iron, Casts over Ratio of heats of 
over .040 Per | .030 Per cent. | By-product | Steel over .040 Per 
Date | cent. Sulphur. Sulphur. Gas. cent. Sulphur to 
Per cent. of To-|Per cent. of To-| Per cent. of | Casts of Iron ove: 
tal Number of | tal Number of Total Gas. .030 Per cent. 
Heats Casts Sulphur 
1924 
Jan. 24 36 Sf 67 
Feb 24 33 60 73 
Mar 34 35 54 97 
Apr 29 oe 58 88 
May 16 27 66 59 
June 22 38 59 58 
July 36 30 78 1.20 
Aug. 34 42 73 81 
Sept. 48 40 80 1.20 
Oct. 50 29 90 tre 
Nov. 41 24 83 171 
Dec. 31 19 75 1.63 
1925 
Jan. 24 BP 72 75 
Feb Ape 23 69 96 
Mar 14 25 70 56 
Apr digg 32 78 53 
May 20 35 79 57 
June 37 35 82 1.06 
July 48 41 86 1.18 
Aug 53 36 86 1.47 
Sept AY 43 89 1.33 
Oct 49 24 84 ioe 
Nov 45 47 76 96 


TABLE 8.—EFFECT OF BY-PRODUCT AND NATURAL 
GAS MIXTURES 


Ratio of Heats over 
aebee! Per cent. of By-product .040 Per cent. Sulphur 
Averaged Gas to Casts over .030 Per 
cent. Sulphur 
8 Over 80 Per cent. 1.33 
i 70 Per cent. to 80 Per cent. .88 
8 Under 70 Per cent. A | 


Sieve tests made from a barge of run-of-mine coal, show- 
ing the relative sulphur content of the screenings, are given 
in Table 9. 

Normally screened coal, i.e., coal containing 10 per cent. 
of material which passes through a 4’ screen, when charged 
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in the producers, will produce a gas containing from 5 to 8 
grains of dust per cubic foot of gas. The dust contains from 
1.00 to 1.40 per cent. sulphur which, if completely absorbed. 
by the steel, would be sufficient to raise the sulphur content 


TABLE 9.—SIEVE TEST ANALYSIS OF RUN-OF-MINE COAL 


Analysis of Portion on or 
Screen Per cent. through Sereen 
Per cent. Ash | Per cent. Sulphur 
nue la Mesh. .c0 35+ a a. 50.00 7.70 .99 
On LUN S| es ae eee 18.12 7.90 eal Oks, 
On Teo Mesiive. <7 5s > 18.45 7.75 1.44 
On DOMMIEs re coms soe 6.75 8.05 1.88 
On GON CaM o Ae acicteee a= 4.22 9.40 1.54 
Gyre LOO Mest s 5 oe cere <4 74 10.25 NRG 
ED armel OOMVICS Ac a = cue ams 1.74 13.20 1.78 


of the finished steel .010 per cent. This source of sulphur can 
best be eliminated by complete screening of the coal before 
it enters the producers. 

All the sulphur in the coal, except that carried out by the 
dust and the small amount remaining in the ashes, leaves the 
producer in the form of hydrogen sulphide, and tends to 
increase the sulphur content of the metal in the open-hearth 
furnace. The sulphur content of the finished steel can be con- 
trolled, however, by preventing coal over a certain sulphur 
content from being charged into the producer. Coal contains 
sulphur in several different forms, but these may be divided 
into two classes; first, sulphur combined with carbon and 
other elements as an organic compound, and second, as iron 
sulphide. The former content is practically fixed for a certain 
vein, but the pyritic content varies with each mine and almost 
with each shipment. The accompanying sketch, Fig. 4, gives 
the location and analysis of shipments from three mines in 
the Pittsburgh vein, showing the organic and pyritic sulphur 
contents. One is located toward the northern end of the river 
mines in the Pittsburgh vein, another is toward the southern 
end and the third is about in the middle. The total sulphur 
in the samples given varies, while the organic sulphur 
remains constant, showing that for a given coal vein, changes 
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SULPHUR CONTENT OF CoAL FROM 
MINES IN PITTSBURGH VEIN 


PYRITIC OR GANIC TOTAL 
MINE SULPHUR SULPHUR SULPHUR 
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—Sulphur Content of Coal from Pittsburgh Vein. 
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in sulphur content are traceable to varying amounts of 
iron pyrites. 

From the above it will be seen that the higher sulphur con- 
tent of the fines in shipments of coal is traceable to a higher 
pyritic content. The effect of screening on the sulphur content 
of the finished steel is shown by the curves in Fig. 5, giving the 
average sulphur content of the finished steel and of the pig 
iron for the months of February and March, 1923. During the 
month of February and until the twelfth of March, only a 


is 


Fic. 5.—Effect of Screening of Coal on Sulphur Content of Finished Steel. 


very incomplete screening was given the coal entering the 
producers. After the twelfth of March, the coal was very well 
screened and practically no fines left, when the coal was 
unloaded at the producers. The drop in sulphur content of 
the finished steel is very marked on the thirteenth and four- 
teenth, while the pig iron sulphur remained high until the 
fifteenth of the month. 


INFLUENCE OF LIMESTONE 


The impurities in limestone which cause difficulties in an 
open-hearth furnace are silica and sulphur. The amount of 
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silica introduced into the furnace with the limestone varies 
from 2.5 to 8 per cent. of the total silica which the slag has 
to handle, so that a normal change in silica content of a lime- 
stone results in a small change in slag composition; for in- 
stance, a change of 1 per cent. in the silica in the stone causes 
a change of about the same (1 per cent.) in the silica in the 
slag which is less than the usual variation between slags. Of 
course, a high silica in a stone means lower lime and less 
efficiency for the material used. 

Sulphur in limestone has a marked influence on the sul- 
phur in the finished steel. The sulphur introduced with the 
limestone represents from 10 to 30 per cent. of the total sul- 
phur in the furnace and may be equal to or greater than the 
sulphur carried off in the final slag. If it were all absorbed by 
the steel, the sulphur in a stone containing .14 per cent. sul- 
phur would raise the sulphur in the steel by .014 per cent. 
The sulphur in limestone from any given quarry or district 
does not vary as much as it does in limestone from different 
quarries or districts, and it frequently happens that high 
silica stone contains high sulphur. 

To determine the action of heat on limestone, the follow- 
ing test was conducted. Samples of limestones and calcium 
sulphate were heated at different temperatures, for one hour, 
and the change in sulphur content noted. From Table 10 it 
will be seen that, at the temperature of an open-hearth fur- 
nace, practically all the sulphur is driven from the limestone 
by heating: 


TABLE 10.—EFFECT OF HEAT ON LIMESTONE AND CALCIUM 


SULPHATE 
Name of Limestone No. 1 No. 2 | Calcium 
Sulphate 
Temperature, mY’, | OA 1875 2500 2500 2500 
Time of heating, hours............... wea 1 1 1 
Pare content of limestone, per cent... 5.97 5.97 1.03 0 
"Obtbe wate tvisccsc te ee A eee 
Sulphur content after heating, per cent. .43* 01 01 sat 


*Based on weight before heating. 
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In Fig. 6 are shown the plats of a number of heats, detail 
of which was given in previous paper, showing the range of 


Fic. 6.—Increase of Sulphur Content of Metal Bath of Open-hearth Furnace 
during Period When the Lime Is “Coming Up.” 


sulphur during the period when the lime was coming up. The 
increase in sulphur content of the metal during this period 
is very marked. The sulphur trioxide gas, driven from the 


422 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


limestone by the heat of the furnace, rises through the molten 
metal and is absorbed to a great extent. 

Table 11 shows the amount-of sulphur absorbed by the 
metal from the limestone in a number of heats. 


TABLE 11.—AMOUNT OF SULPHUR IN LIMESTONE ABSORBED 
BY STEEL IN OPEN-HEARTH FURNACE 


Increase in Sul- : Percentage of 
Heat | Phur Percentage | Weight of Bl aienden Sulphur in | Sulphur in 
No of Steel During | Steel in Chavved Limestone | Limestone 
* |Period when Lime} Furnace eae ae Per cent. Entering 
is Coming Up Steel 
77012 005 127,000 11,600 14 39 
80065 .008 123,800 11,000 .10 90 
82096 .005 125,800 9,700 12 54 
82106 .006 132,500 11,100 14 51 
85241 .009 129,500 11,300 13 79 
83254 .005 126,300 10,900 .08 72 
74251 .003 126,700 11,250 14 24 
74256 .004 132,300 10,900 .10 49 
83261 .008 129,600 11,300 AS 76 
81292 005 142,800 11,300 12 53 
81243 .003 135,000 12,450 AY 30 
88225 .007 147,700 13,600 10 76 
93175 006 193,500 13,400 15 55 
AVGPage! ~ ybaee ee  ee 57 


A study was made of the effect of two different limestones 
on the sulphur content of the finished steel. The investigation 
covered the heats made in the regular operation of the open- 
hearth using a limestone with low sulphur and silica in one 
series and a limestone with relatively high sulphur and silica 
in the other series. In Table 12 the heats were separated 
according to the sulphur content of the pig iron charged in the 
different heats. The ladle steel sulphur content and the 


change in sulphur content from pig iron to finished steel are 
tabulated. 
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TABLE 12.—COMPARISON OF THE USE OF LOW SULPHUR AND 
HIGH SULPHUR LIMESTONES ON SULPHUR CONTENT OF 
THE FINISHED STEEL IN THE OPEN HEARTH 


Low Sulphur Limestone High Sulphur Limestone 
Per cent. Sulphur .02 Per cent. Sulphur .14 
Per cent. Silica  .80 Per cent. Silica 1.49 
Number /PigIron| Steel ee aa Number | PigIron| Steel oe 
Heats | Sulphur | Sulphur Sulphur Heats | Sulphur} Sulphur Sulphur 
19 .030 .040 .010 12 .030 041 O11 
: 2 .031 043 .012 9 .031 045 014 
1 .032 041 .009 ata! .032 048 O11 
2 .033 041 .008 1 .033 .043 .010 
6 ) .034 043 .009 8 .034 .040 006 
8 .035 -036 001 2 .035 043 .008 
ae ote Sra Se 8 .036 .040 .004 
4 -037 .035 |—.002 uf .037 044 .007 
6 .038 039 001 4 .038 .050 .012 
4 039 -040 001 2 .039 .040 001 
6 .040 .035 |—.005 sk oto he aus 
3 .042 045 .003 3 042 .052 .010 
Pes eee 595 Aad 3 044 .048 .004 
5 .046 .040 |—.006 sl Efi nies Sos 
3 .047 .041 |—.006 Be ae ae ee 
oh ev: eA Sake 3 .048 .047 |—.001 


Fig. 7 shows the relative merits of the two limestones. It 
will be noted that with low sulphur pig iron very little 
difference existed, but as the sulphur content of the pig iron 
increased, the low sulphur limestone gave the better results. 


_ INFLUENCE OF IRON ORE AND REFRACTORIES 


Iron Ore—The impurity in ore which has the greatest 
effect on the sulphur content of the finished steel is silica. A 
study of the sulphur and silica balances made on a number of 
heats (given in Tables 1 and 2 of this paper and Tables 24 
and 25 of the previous paper’) shows that for a normal heat 
not over 3 per cent. of the sulphur introduced with the solid 
materials is attributable to the ore, while 10 per cent. to 
30 per cent. of the total silica is introduced in such manner. 
The effect of the silica in the bath is discussed in another 
part of this paper covering the influence of slags. 

In order not to overburden the slag with silica, it is essen- 
tial that the silica content of the ore be held as low as possible; 


24.N. Diehl, Data Relating to Basic Open-Hearth Steel Practice, pp. 87-88. 
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Fia. 7.—Comparison of Use of High Sulphur and Low Sulphur Limestone. 


Fria. 8.—Comparison of a Low Sulphur and a High Sulphur Heat. 
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but if shipments of ore contain a higher silica content, a pro- 
portionate increase in the limestone charge is required. 

Dolomite—In most open-hearth plants dolomite is 
received raw and calcined at the plant. The ash from the 
eoke used in the calcining plant passes on through the cupola 
with it. In order to hold to a minimum the amount of silica 
which the slag has to handle, it is important that the 
dolomite as received, contain as low a silica content as 
possible and that the coke used in burning does not have a 
high ash content. 

Dolomite has another detrimental effect on the slag; the 
magnesia content tends to form magnesium silicate in the 
slag, which increases its viscosity. T he transfer of sulphide 
from the molten metal to the slag is greatly facilitated by an 
increase in fluidity of the slag and any ingredient, such as 
magnesium silicate, which increases the viscosity, retards 
such transfer. Factors tending to a low magnesia tapping 
slag are a complete run-off and excess of lime in the charge. 

Fluorspar—The function of fluorspar in the open-hearth 
furnace is to render the slag more fluid. 

In Table 13 are shown the histories of heats 832543 and 
832673, giving the condition of the slag and the sulphur con- 
tent of the metal bath. It will be seen that as long as the slag 
remained heavy no decrease in the sulphur content of the 
metal bath took place, but when the slag was rendered more 
fluid by the addition of fluorspar, the purification of the 
metal proceeded. 

Silica Refractories—A balance of the silica entering the 
open-hearth furnace with the various materials charged and 
tapped in the steel and slag usually shows in excess of that 
charged. The source of the excess is the silica added by slag- 
ging, spalling and fusion of the roof, side walls and ports. It 
‘s obvious that any silicious dilutions of the slag bath due to 
acquiring such silica should be neutralized by a sufficient 
quantity of limestone in order to maintain the proper slag 


balances. 


3 For further detail see A. N. Diehl, Data Relating to Basic Open-Hearth 
Steel Practice, Figs. 9 and 11, Tables 9 and 11. 
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TABLE 13 
History of Heat No. 83254 History of Heat No. 83267 
Per cent. poe ee 
Sulphur ’ uiphur 
Time Remarks in Metal Time Remarks in Metal 
Bath Bath 
8:24 to | Limestone, ore 11:59 to | Limestone,ore and 
8:34 and scrap 12:19 scrap charged... 
Charved stein 
9:27 Additional scrap 3:14 Hot metal poured 
charged....... 
11:36 Hot metal poured 3:26 Hot metal poured 
12:34 to | Run-off slag..... 3:55 to | Run-off slag... ... 
1:28 4:32 
2:00 Metal sample....} .045 6:00 Metal bath part 
froze cc Ree -049 
DAT Boiling on lime. . 6:30 Boiling on lime... 
3:00 Boiling on lime. .} .050 7:00 Boiling on lime...| .049 
320) Slag heavy and 7330 Lime all up...... 
thick, 175 lbs. 
fluorspar added 
3:42 645 lbs. lump ore 8:00 Bath cold, slag 
fedu cs ee ee heavy and stiff..| .050 
3:45 Slag thick, 75 lbs. 8:08 245 lbs. fluorspar 
fluorspar added. sided i Acree 
3:55 150 lbs. fluorspar 8:36 555 Ibs. ore fed... 
added......... 
4:00 Steel sample. 
Slag in good 
condition... ... .037 9:00 Slag thinning.....} .040 
4:40 Furnace tapped..| .033 9:05 326 Ibs. ore fed... 
: 9:18 80 Ibs. fluorspar 
AUG ee eee 
9:30 440 lbs. ore fed... 
10:01 Slag in good con- 
dition. Furnace 
tapped... 2. oS -035 


INFLUENCE OF MANGANESE, GASES AND TEMPERATURE 


Manganese—Residual manganese in the steel affects the 
sulphur equilibrium between the slag and the metal, and 
tends to cause an increased percentage of retained sulphur in 
the slag in proportion to the quantity of manganese retained 
in the bath. This phase is shown in Table 14 and Fig. 9,which 
are shown for a given lime-silica ratio. In the first group the 
lime-silica ratio is close to 2, and in the second group 3, in 
both cases the steel showing the higher residual manganese 
contains the greater percentage of sulphur in the slag. 

Manganese is a very easily oxidized element and, conse- 
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quently, enters the slag very rapidly. The final slag carries 
three times as much manganese as the steel, as shown by an 
average of the heats given in Table 14. It is evident, there- 
fore, that a large loss in manganese accompanies any con- 
siderable residual manganese content in the steel, so that 
sulphur removal by this means is expensive. The curves in 
Fig. 9 indicate that an increase in the basicity of the slag is 
quite as effective as residual manganese in the steel, so that 


= HE 


+ 
oes 


Fig. 9.—Effect of Residual Manganese. 


lime, which is much cheaper, would be the more economical 
material to use for sulphur elimination. 

Waste Gases—It is shown in another section of this report 
which deals with the ‘‘Influence of Fuels,” that sulphur is 
evolved by heat in an oxidizing atmosphere. The sulphur 
balances on a number of heats (Tables 1 and 2) showed that 
in every case, where no serious bottom trouble was experi- 
enced, less sulphur left the furnace in the slag and steel than 
was charged into the furnace with the solid materials. This 
indicates that sulphur leaves the furnace with the waste 
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gases. Analyses of the sulphur content of the waste gases 
show that this occurs particularly at two points, at the time 
and just after the hot pig iron is charged, and while the lime 
is coming up. 

Fig. 10 shows how the sulphur content of the waste gases 
increases at these two points. The curve was drawn from 
data taken on a heat using natural gas as a fuel and points 
out that sulphur is continually present in the waste gases. 


HE 


Fig. 10.—Sulphur Content of Waste Gases. 


Since no sulphur was introduced with the fuel, the only other 
source was the bath. The increase in sulphur content of the 
waste gases, during and succeeding the charging of hot pig 
iron, is accompanied by an increase in carbon dioxide content. 
Both the carbon and sulphur in the pig iron are rapidly oxi- 
dized by the hot ore present in the furnace at this time, and 
their oxides being gases leave the furnace through the waste 
ports. The increase in the amount of sulphur given off while 
the lime is coming up is due to the sulphur in the stone being 
evolved as a gas. This action was described in the part of this 
report dealing with the ‘‘ Influence of Limestone.” 
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Temperature—The temperature of the bath plays a very 
important part in the furnace reactions, and after slags are 
formed it is desirable to effect such temperature as to purify 
the bath to the greatest extent. A temperature naturally 
within the limits of the refractory walls and roof is desirable, 
as the higher temperature tends to a fluidity of slag so essen- 
tial for the interchange of impurities between the metallic 
-and non-metallic bath. As before mentioned, such fluidity 
can only be obtained by increase of temperature or by lowering 
‘the melting point through dilution with iron ore or fluorspar. 
An ideal slag would be one having: a high lime and low 
‘silica content, with a low percentage of ferrous oxide, but 
such slag would not be fluid at the temperature obtained and 
the iron oxide must be increased, in order to get a slag fluid 
enough to purify the metal. It is apparent, therefore, that as 
high a temperature as possible should be attained. If, how- 
ever, a refractory could be found that would allow a still 
greater temperature increase, the slag composition might be 
changed so as to get a more fluid slag, with a higher lime and 
lower iron oxide content. Such slag would be more desirable 
_for sulphur purification of the metal, and would give a better 
~ practice in the open-hearth, since it would decrease the loss 
of iron as oxide in the final slag. 


INFLUENCE OF SLAG 


Open-hearth slags are formed for the purpose of purifying 
the metallic charge and for the absorption of the oxidized 
metalloids contained in the pig iron and scrap. Proper condi- 
tion and composition of slag is the most desired and impor- 
tant factor in the manufacture of steel, and is therefore the 
subject of the closest observation. A very general practice 
is to operate by means of two separate slags, first, the run-off, 
and second, the final tapping slag. Run-off slag contains a 
large percentage of iron oxide as well as the easily oxidized 
metalloids such as silicon, manganese and phosphorus. A 


number of graphs showing these reactions were given in the 
previous paper.‘ 


*A. N. Diehl, Data Relating to Basic Open-Hearth Steel Practice. 
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Run-off Slag—In an all hot metal heat, 25 per cent. of the 
total sulphur may be removed in the primary slag, while in 
a heat consisting of 50 per cent. scrap as much as 10 per.cent. * 
of the total sulphur may be similarly removed. The main 
function, therefore, of the run-off slag is to remove from the 
furnace the acid constituents of the slag, silica and phos- 
phorus, so that the limestone charged will be available in the 
final slag for purifying the metal of sulphur. The amount of 
silica so removed will of course vary with the weight of slag. 
A silica balance of a number of heats, given in the previous 
paper’, shows that from 10 to 50 per cent. of the silica 
charged with the materials is contained in the run-off. It is 
very important that the run-off be made as complete as 
possible, in order that a minimum of silica and phosphorus 
remains in the furnace to be assimilated by the final slag. 

Tapping Slag—In order to study the action of different 
slags, a large number of simultaneous slag and metal samples 
were obtained from the furnace. Table 15 gives the completed 
analysis of slags and metal samples, the results being ex- 
pressed as per cent. by weight except the ratio CaO—4P.0s, 

SiO. 
which is expressed as molecular percentage, obtained by: 
dividing the per cent. by weight by the molecular weight. 
The ratio of sulphur in slag to sulphur in metal was also 
calculated asthe composition of the slag will effect the distri- 
bution of the sulphur between the metal and the slag, rather 
than the exact sulphur content of either. 

In a great many cases the sulphur content of the steel 
increases during the time the metal flows from the furnace to 
the ladle during tapping. A corresponding decrease in the 
sulphur content of the slag takes place, together with a de- 
crease in basicity, caused by an increase in the silica content. 
The silica balances, given in previous paper (Tables 24 and 
25, pp. 87-88), show that from 300 to 800 pounds of silica are 
added to the slag at this time. The ladle slag analysis shows 
also an increase in alumina content. The increase in these 


5A.N. Diehl, Data Relating to Basic Open-Hearth Steel Practice, Tables 
24 and 25, pp. 87-88. 
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two constituents is caused by the erosion of the lining of the 
runners and ladle, principally loam, which has an analysis of 
75 per cent. SiO. and 15 per cent. Al,O;. The change in slag 
composition, aided by the chance for intimate contact be- 
tween slag and metal, and probably by a decreased tempera- 
ture, causes the sulphur to revert from the slag to the metal. 
In another part of this paper Fig. 12 is presented, giving the 
relation existing between the sulphur division between slag 


Fig. 11.—Sulphur Distribution between Slag and Steel. 


and metal, and the slag content of lime and silica. This curve 
was platted from analyses of slag and metal obtained from 
the furnace prior to tapping. Fig. 11 shows this same curve 
as the dotted line; and a full curve with the points platted 
indicates the relation of the sulphur division between slag 
and metal on one hand, and the slag content of lime and silica 
in ladle after tapping on the other. Table 16 gives the data 
from which the curve was platted. It will be noted that the 
two curves lie very close together, except that the curve 
giving the ladle relation les below that of the furnace. The 
higher sulphur content of the slag in the ladle, for the same 
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lime-silica content, is probably explained by the higher man- 
ganese content of the steel in the ladle, due to ferro-manga- 
nese additions. 

Slag Absorption Tests—Investigations were made to de- 
termine the sulphur absorption by slag and by exposed scrap. 
In the tests conducted on slag both natural and by-product 
gas were used, and samples were heated in a platinum dish for 
two and four hours in contact with the products of combus- 
tion. The first five tests were conducted with an oxidizing 
atmosphere in the furnace. During the last test a jet of by- 
product gas was forced into the platinum dish containing the 
molten slag, so as to cause a reducing atmosphere above the 
slag. Table 17 gives the results: 


TABLE 17.—EFFECT OF HEAT ON OPEN-HEARTH SLAG IN 
OXIDIZING AND REDUCING ATMOSPHERE 


Test No. 1 2 3 4 5 6 
Fuel gas used.. .| Natural|By-product|Natural|By-product| By- |By-product 
product 
Duration of 
heating, hours} 4 + 2 2 2 3 
Temperature, °F} 2800 2800 2750 2850 2850 2800 
Flame condition Oxidizing Oxidizing Reducing 
Analysis of slag: 
BiOg ee weiss 20.00 20.00 20.00 20.00 16.01 10.90 
ALOs.-.% =: §.21 5.21 5.21 5.21 3.43 rae 
Sant lew 84 84 84 84 72 aaah? 
BesOg. . 0: 1.89 1.89 1.89 1.89 2.00 ee 
CaO ose 43.40 43.40 43.40 43.40 48.32 45.70 
MgO’ occ. 11.00 11.00 11.00 11.00 10.20 7.68 
Mis Oe on: 80 2.80 2.80 2.80 2.05 5.49 
heO. ee 13.59 13.59 13.59 13.59 14.55 Pte 
Gere tae sie, = ets 18.05 
Before heating: 
S as SO 
percent..| .05 05 05 05 Oe eet 
S as sulphide, 
per cent.... .02 .02 .02 .02 .03 
S total, per 
Be et 07 07 07 07 AT 25 
After heating: 
S per ae be .O1 .O1 .03 02 .02 2.55 
Sulphur in fuel 
, grains per 
Ea bie foot. - .| 0.00 4.90 0.00 4.10 4.10 3.20 


From these tests it was determined that with an oxidizing 
atmosphere the sulphur in the slag is evolved as a gas, and 
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that in a reducing atmosphere containing sulphur, an in- 
crease in sulphur content of the slag takes place. The evo- 
lution of sulphur from the slag in an oxidizing atmosphere 
held true in all cases. The tests using natural gas, in which 
the products of combustion contained no sulphur, gave no 
different results from those using by-product gas, which in 
Tests 4 and 5 gave products of combustion containing 4.1 
grains of sulphur per cubic foot. These tests in conjunction 


EST 


Fia. 12.—Sulphur Distribution between Slag and Steel. 


with the tests on limestone show that calcium sulphate 
(CaSO,) in the slag is decomposed into CaO and SO;. The 
calcium sulphide (CaS) in the slag is then oxidized to calcium 
sulphate (CaSO,) by iron oxide, and this calcium sulphate is 
decomposed by heat. In a reducing atmosphere or in the 
absence of iron oxide, the calcium sulphide is not oxidized. 
Sulphur Distribution in Bath—The distribution of the 
sulphur between slag and metal (Table 15) was used as a basis 
for determining the influence of various constituents of the 
slag. The three main constituents of the slag, SiO,, CaO and 
FeO were first used. Triaxial diagrams, given in Figs. 13 
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and 14, were drawn showing the effect of varying each of these 
three constituents. Fig. 14 is an enlargement of the area 
covered by the points in the other diagram, and gives the 
ratio of the sulphur in the slag to sulphur in the metal for 
each point. From this it will be noted that an increase in sil- 
ica causes a decrease in the sulphur holding power of the slag, 
an increase in the ferrous oxide content has little or no effect, 
and that an increase in the lime content increases the 
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proportion of sulphur held by the slag. This study of the sul- 
phur holding power of the slag must be distinguished from the 
possibility of sulphur being volatilized and carried away in 
the gas. 

Neither the magnesia nor the manganese oxide content of 
the slags showed any marked effect on the division of sulphur 
between slag and steel. 

Part of the lime present in the slag is combined with the 
phosphorus. The remaining lime was considered as active, 
and the ratio of the active lime to silica was calculated for 
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the separate heats. Fig. 12 was drawn to show the effect of 
the different ratios of available lime to silica on the division 
of sulphur between slag and metal. It will be noted that an 
increase in the lime-silica ratio results in a direct increase in 
the holding power of the slag for sulphur and, therefore, in a 
lower sulphur steel. 
To demonstrate the action of a slag having a good lime- 
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silica ratio and one having a poor one, Fig. 8 shows a com- 
parison of two heats in which the final sulphur was very 
nearly the same, .037 and .034 per cent. Heat No. 82096 was 
made from pig iron and ore without scrap; the sulphur in the 
pig iron was low and much of it was removed in the run-off. 
The slag was poor; the lime-silica ratio being 1.97 and the 
sulphur in the slag, .11 per cent., yet, due to the pure mate- 
rials and plentiful run-off slag, the heat finished low in sulphur 
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(.037 per cent.). Heat 83261 was made from pig iron con- 
taining .075 per cent. sulphur and from scrap (about 50 per 
cent.). The slag was excellent with a lime-silica ratio of 4.22; 
the slag contained 44.6 pounds of sulphur and the steel 
54.1 pounds, or the total sulphur to be distributed between 
the metal and slag was 98.7 pounds. Due to the slag the steel 
finished .034 per cent. sulphur. If the slag in heat 83261 had 
been of the same poor composition as in heat 82096, with a 
corresponding distribution of sulphur between slag and metal, 
the final steel sulphur would have been .054 per cent. instead 
of .034 per cent. From this it can be seen, if the total amount 
of sulphur in the furnace is held low, due to using the best of 
materials, a good slag is not essential; but, if for any reason 
the total sulphur increases, the slag composition becomes of 
prime importance if low-sulphur steel is to.be produced. 

It may be well to summarize the more important features 
outlined, and draw such conclusions as they may indicate. 

(1) The most assured method to produce low sulphur 
basic open-hearth steel, is to use materials containing a mini- 
mum quantity of that element. 

(2) Pig iron and scrap should be kept as low in sulphur 

‘as possible. This is subject of course to the other materials 
entering into the operation, as well as the specifications which 
have to be met. 

(3) Gas free from sulphur is preferable, but in the use of 
by-product or producer gas it should be extremely important 
that the gas be burned so as to oxidize the hydrogen sulphide 
before coming in contact with the metal or scrap. 

(4) Slag conditions are of primary importance, especially 
where higher sulphur materials are used, and every care 
should be taken in operation to obtain correct analyses and 
weights of material entering the charge, also the ore and flux 
should be carefully calculated, wherever possible. The slag 
should be oxidizing and basic, as with an acid or non-oxidizing 
slag calcium sulphate may be reduced, and sulphur revert to 
the metal bath. The slag should be sufficiently fluid to effect 
a proper interchange between the metallic and non-metallic 
baths, to enable the reactions to take place freely. In opera- 
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tions requiring a run-off slag, this material should be removed 
to the greatest extent possible so that the final slag may be 
utilized to the best advantage. 

(5) Care should be taken to prevent resulphurization due 
to a change of slag composition from contamination with 
loam, sand, or any other foreign material in the runners or 
ladles. 

The tests given are for conditions of operation as de- 
scribed. As all localities naturally have different materials 
and specifications to deal with, each must solve its own partic- 
ular problem. The data given aim principally to outline the 
action of sulphur under the conditions prevailing at the time 
of the tests, as well as to point out fundamental reactions 
which are universal irrespective of location. 

It is the desire of those who assisted in the collection and 
compilation of this data, that the information may serve to 
stimulate further efforts on the part of the industry to sim- 
plify basic open-hearth operations, and also to encourage in 
others a further and increasing zeal in the field of research 
to produce an even better quality of product with the mate- 
rials available. 


Mr. Clarke called upon Mr. Howard H. Cook, Assistant 
Secretary of the Institute, to take the chair. 

THE CHAIRMAN (Mr. Howard H. Cook): There will now 
be a discussion of Mr. Diehl’s paper by Mr. W. A. Maxwell, 
General Superintendent, Inland Steel Company, Indiana 
Harbor, Ind. 


Discussion By W. A. MAXWELL, Jr. 
General Superintendent, Inland Steel Company, Indiana Harbor, Ind. 


The paper presented by Mr. Diehl can and should be 
classed as a forward step in the metallurgy of steel making. 
The deductions and conclusions are based on actual practice 
rather than on mere assumptions, and the experiments made 
cover a sufficient number of individual heats to iron out 
whatever inconsistencies there might be in the laboratory 
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determinations or in the occasional divergence from what is 
considered normal practice. 

The subject is such a vital one, not only to the producer 
but also to the consumer, that further study should be made 
with regard to the effects of this element in blooming and 
finishing mill practices. 

The author’s statement that an increase or decrease in the 
sulphur in the pig iron does not necessarily mean a like 
change in the sulphur content of the steel is correct. A tabu- 
lation of 839 heats at the Inland Works, showing the amount 
of sulphur in the pig iron and amount of sulphur in the steel, 
follows: 


ered hee an eeia f auc Sie ge gen dd meee 
Heats Sulphur Content es Ea phe 
405 .000 to .029 025 ‘ 034 
342 -030 to .040 034 0338 
51 .040 to .050 -043 .0345 
32 .050 to .060 .054 .0367 


It is most important, not only to consider the sulphur in 
the pig iron, but to consider the sulphur in the blast furnace 
ladle skulls, as the latter are usually charged in the open- 
hearth furnaces after being broken up. The following table 
indicates what can be expected when skulls containing a large 
amount of blast furnace slag are re-melted in open-hearth 
furnaces: 


Average | Average | Per cent. | Average | Sulphur Average | Increase 
Plant Gharge, Skulls, | Skulls in | Sulphur | in Skull} Sulphur in 
Lbs. Lbs. Charge |All Heats} Heats Mixer | Sulphur 


A 101800 7500 7.4 034 .040 Cold Iron |_ .006 
B 106400 10250 9.6 .034 041 037 .007 
C 139007 | 21333 15.4 032 044 .040 .012 
D 170000 16000 9.4 .035 -040 .037 005 


High-sulphur iron is also a cold physical iron, so that a 


large percentage of the skulls produced carry sulphur in 
excess. Actual analyses of five different ladle skulls which one 


open-hearth department melted up are offered: 
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1 2 3 4 5 
SOULE perenne eens .093 eli ly .463 .593 .679 


The percentage of heats affected is not large, but those 
affected give the operator several bad days. 


The character of the steel scrap has a decided influence, 
particularly when the total scrap charge is in excess of the 
metal charge and when the greater amount of the scrap used 
is so-called heavy melting scrap purchased in the open mar- 
ket. The following concrete example is given: 


Number Per cent. | Per cent. Total Average 
1924 of Purchased | PigIron Under} Sulphur in 
Heats Scrap .03 Sulphur Steel 
March scusumaras 78 40 67.12 .0294 
September..... Son 70 71.59 -0331 


As a further check 25 pieces of different kinds of steel 
scrap going into one particular heat were analyzed, and the 
sulphur content of individual pieces ranged from .024 to .140 
per cent. with an average of .050 for all pieces. 

At Open-Hearth No. 1 Plant of the Inland Works the total 
charge averages approximately 45 per cent. pig and 55 per 
cent. scrap. Prior to May, 1926, for a period of 20 months 
the average sulphur in the finished steel was 3.79 points 
higher than the sulphur in the pig iron. In May, 1926, large 
mixer ladles of 100 tons capacity replaced small ladles of 20 
tons capacity and the sulphur in the finished steel for the past 
four months has averaged 3.7 points lower than the sulphur 
in the pig iron. 

Therefore, it can be concluded that high scrap charges, 
where a large percentage of the total amount used is pur- 
chased in the open market, are conducive to higher sulphur 
in the finished steel and that mixers or large mixer ladles 
tend to minimize the effect of high-sulphur scrap charged 
in the open-hearth furnace. 
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The data submitted by the author relative to larger 
exposed surfaces having greater absorption powers have been 
checked innumerable times by operators. 

The experiment cited has its parallel more or less fre- 
quently in every day practice. Charges made up principally of 
lighter weight materials, such as skelp, bundled sheet, punch- 
ing scrap, etc., take longer time to charge and occupy con- 
siderably more hearth area than charges in which the heavier 
type of scrap predominates. The time element in charging 
increases the sulphur absorption, where sulphurous gases 
are used. 

At plants where a high scrap charge is the regular practice 
and particularly where the greater tonnage of scrap consumed 
is purchased in the open market, the peaks of the steel curve 
are more pronounced than those in the iron. 


The silicon in the pig iron has a marked influence on the 
sulphur in the steel, but the adverse effects are of no real 
moment unless the silicon content of the iron exceeds 1.50 
per cent. 


Number 


sa < : a : Average Sulphur in 
of Heats Silicon in Pig |. ee ee oy aoe Re from 
Effected tren ee Hot Metal 
185 .O —1.00 88 035 
408 1.01-1.25 1.18 035 
V72 1.26-1.44 Lede 038 
147 1.45-1.97 1.59 036 


Conversely, low-silicon pig iron normally carries a higher 
sulphur content. The combination of the two in open-hearth 
practice creates much greater havoc than high-silicon iron, 
not primarily because the sulphur is high, but because of the 
conditions created in the furnace by the combination of low- 
silicon and high-sulphur iron. 

The low-silicon iron is usually deficient in physical heat, 
which lengthens the time and increases fuel consumption. 
In the case of higher sulphur fuels, such as coke-oven gas and 
producer gas, the situation is anything but desirable, as the 
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extra fuel consumed means more sulphur for the bath to 
contend with. 

The furnace is usually charged before the actual pig iron 
analysis is available and with a deficient silicon content the 
small amount is oxidized so rapidly that the lengthened time 
permits all the carbon to be oxidized before melting, result- 
ing in a ‘‘sticker.”’ 

The absence of the usual carbon boil leaves a larger part 
of the limestone on the bottom, so that the slag is not fluid 
nor is it basic enough to eliminate the sulphur in the metal. 
The desulphurizing action is further hindered by the low 
temperature of the metal. The metal when tapped is conse- 
quently over-oxidized, is cold and has a high sulphur con- 
tent. The results at the blooming mill are obvious. 

It is possible to bring sticker heats back to a normal con- 
dition by a hot metal recarburizer. This gives the bath the 
needed carbon, creates an active limestone boil, adds heat to 
the bath and, because of the higher temperature and more 
basic slag, the sulphur in the metal is reduced greatly. 


The effect on the sulphur content of steel, due to difference 
in fuels used, is far reaching and the author’s conclusions 
have been confirmed by reliable investigations. Data are 
submitted to substantiate this claim. 

The data shown below were the actual record of many 
thousand heats tabulated by a company operating a number 
of open-hearth plants, and demonstrates conclusively that 
when sulphurous fuel replaced non-sulphur fuels there was a 
distinct rise in the sulphur in the steel. Each year shows a 
progressive sulphur increase in the steel, as the sulphurous 
fuels gradually displace the non-sulphur fuels. 


Percentage of Heats Finishing as to Sulphur 


.040 and Under .041-.050 .051—.060 -060 and Over 
1913 83.82 15.21 0.84 0.13 
1916 72.89 25.38 1.59 0.14 
1917 60.74 34.35 3.90 1.01 
1918 56.85 34.08 6.87 2.20 
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As further evidence the following is submitted: 


Average Analysis of Coal Pounds 
an Coal per 
Volatile] GXS°| Ash | Sul. |Moist.[B.'T.U.] Furnace 
Kentucky. . ....-| 37.30 | 55.60 | 3.60 .60 | 3.50 | 13750 4000 
Western (Indiana 35.9 
and Illinois) .. | 32-25 | 44.00 | 8.00 | 1.25 | 12.80] 11200 | 5200 


Period OF "Tine Kind of Fuel Manganese _ | Average Sulphur 
Used in Iron in Steel 
1920 Seven Months | Western — Coal 1.82 037 
1920 Three Months | Western Coal 1.01 .042 
1921 Five Months | Kentucky Coal 1.02 034 
1925 Twelve Months | Kentucky Coal 1.64 .031 
1926 Five Months | Kentucky Coal 1.82 .029 


This is submitted not only to show the influence of higher — 
sulphur fuels but to show the action of high-manganese pig 
iron in reducing sulphur in steel as compared to low-manga- 
nese iron, both tests being made with the same kind of coal. 

Attention is directed to the greater consumption of coal 
per furnace hour when Indiana and Illinois coals were used. 

The silica and sulphur in either limestone or burnt lime 
above certain limits are not beneficial to sulphur reduction. 
At the Inland Works in 1924, and 1925, when the use of 
burnt lime was necessary in order to conserve pig iron, the 
sulphur in the steel began to finish .050 and over regularly 
in quite a few heats. After exhausting all other tests with no 
results, the burnt lime was analyzed and found to contain 
sulphur up to .87 per cent. The high-sulphur lime came from 
initial shipments made by two firms. 

Further sulphur troubles were experienced when the lime 
arrived in a half burnt condition, thereby decreasing greatly 
the basicity of the slag. After proper allowance was made for 
the difference in the lime content of the slag, the sulphur in 
the steel became normal. Higher silica in limestone simply 
demands additional limestone to counteract the effect of 
higher silica in the slag. 
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It is common practice at some plants to lighten the lime- 
stone burden as much as possible, with the inevitable increase 
in the pounds of burnt dolomite used per ton of ingots. The 
limestone not only carries less silica, but on a cost ratio it is 
approximately 1 to 3. To expect dolomite to function prop- 
erly in producing a fluid, oxidizing slag is asking the impos- 
sible. The case of the ordinary bottom boil is mentioned as 
an example of the effects of a high magnesia slag. 


Fluorspar.—Tabulations taken at one plant showed that, 
with the same grade of coal with sulphur content approxi- 
mately the same, the average sulphur and manganese in the 
iron approximately the same, the sulphur content in 20 heats 
using fluorspar averaging 1.10 per cent. sulphur was .046, and 
in 20 heats using fluorspar averaging .07 per cent. sulphur 
the steel finished .040. 


Silica Refractories.—The excess of silica returned to the 
bath because of fusion of roof, side walls and ports can be 
counteracted through the development of faster working 
furnaces. Greater tonnages are obtained than formerly with 
no resultant decrease in furnace life. Records show this to 
be true, more particularly in recent years. Faster working 
furnaces are essential in producing low-sulphur steel of good 
quality. 


Manganese—The effect of high-manganese pig iron on the 
elimination of sulphur has been shown on page 445 above. 


A very careful study of Tables 14 and 9 of Mr. Diehl’s 
paper on ‘Data on Basic Open-Hearth Steel Practice” 
brings out very clearly the action of low-silicon, low-manga- 
nese, high-sulphur metal in producing a sticker heat. 

Table 14 shows a heat with iron containing .40 silicon 
-20 manganese and .075 sulphur. 

Table 9 shows a heat with iron containing 1.24 silicon, .70 
manganese and .033 sulphur. 


Table 14 shows a sticker heat requiring 7800 pounds of 


SULPHUR IN BASIC OPEN-HEARTH PRACTICE—-MAXWELL 447 


molten metal, 1245 pounds of cold pig to recarburize the 
bath and 885 pounds of burnt lime to make a more basic slag. 
However, this should be noted, that immediately after 
the 7800 pounds of hot metal were added and before any 
burnt lime addition was made the sulphur dropped from .067 
to .048, and the phosphorous from .012 to .007. The manga- 
nese in the hot metal addition was .80 and in the cold iron .96. 
Could it not be assumed from this that the slag, after the 
hot metal addition, was basic enough and that the burnt 
lime additions later were unnecessary, and that the approxi- 
mate .40 per cent. extra manganese in Table 9 was the direct 
cause of the steel finishing 4.20 points lower in sulphur? 
Some authorities state that manganese neutralizes silica, 
which belief is apparently justified by the above actual tests. 
High-manganese pig iron means a more fluid slag earlier 
in the refining period which is very advantageous; namely, 
ore can be worked through the bath to better advantage, 
with a saving of ore as well as time, higher bath temperatures 
are more easily obtained and sulphur reduction is hastened. 
The ultimate result should be lower ingot costs. 


The author’s statement relative to the sulphur increase in 
waste gas content at the time of the hot metal addition and 
when the lime is coming up has been verified by actual 
determinations as follows: 


Number of Average Sulphur 
Determina- Time Grains per M. Time in Heat 
tions Cu. Ft. 
13 AS 2)? 11.8 Melting down 
4 1’ 20” 44.1 Hot metal added 
4 12207 te, Between hot metal and lime 
3 3’ 00” 27.7 Lime coming up 
3) Oe 7.9 Working the heat 


Oil was used as fuel, carrying 0.53 per cent. sulphur, with 
average sulphur in pig iron .037 and sulphur in the finished 
steel .030. 

The following is submitted to show the effects of large and 
small run-off slags on sulphur in the steel: 
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Number] Weight Flush Hot Metal Finished Steel 
Furnace] of ; A 
Heater een ed. Peak dt Poet ee) ee 
1 26 5110 1.27 ||...031 |: 252.)- .020-) .029'-/-2026 
2 18 8605 1.04 | .037 | .164 | .020 | .035 | .022 
3 6 12050 VA4 1.0400 43276" 20209). 2033 41 201s 


The furnace having the highest sulphur metal with the 
greatest run-off slag finished lowest in sulphur and phosphor- 
us. The charges with relation to weight of pig iron were 
approximately identical except that No. 3 Furnace had more 
ore in the metal charge which accounted for the large run- 
off slag. 

The following data, taken from actual tests, check the 
author’s conclusions that a large flush slag early in the melt 
clears the bath of the acid constituents and permits the 
residual lime after melting to neutralize the remaining acids, 
so that sulphur reduction is accomplished. All heats had 100 
per cent. molten metal with no scrap in the charge. 


Metal Lime- Ore Ore Mn. at | Mn. at Sul. Sul. 


stone | Charged | Fed | Melting| Tapping | Melting | Tapping 
80100 | 4000 11000 | 11700 13 15 .030 025 
80600 | 4000 10000 7500 38 aL? 042 .030 
79400 | 4000 8000 9300 .06 15 042 .033 


It should be noted that the limestone charged is only 
.044 per cent. of total metallic charge. 

We have the interesting phenomena, quite frequently, of 
the preliminary sulphur in the steel tapping test showing .040 
with the sulphur in the ladle test finishing .045. The increase 
can be attributed to two conditions; first, sulphur picked up 
from sulphurous fuels or acid additions in the form of recar- 
burizers, and that picked up from runner-spouts and ladles, 
both of which tend to disturb the silica-lime balance in 
the slag. 

Not infrequently phosphorus reverts from the slag to the 
steel when silicious ferro additions are made in attempting 
to check carbon drop where heats are being caught coming 
down. Ferro-manganese can be used with safety. 
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The clearest example to be shown in comparing an oxi- 
dizing atmosphere to a reducing atmosphere in their relation 
- to sulphur elimination is the common, ordinary bottom boil. 
The causes and effects of botton boils were touched upon 
previously and therefore need no further discussion. 

_.A study of fifteen individual heats covering Tables 7 to 21 

inclusive of Mr. Diehl’s paper ‘‘ Data on Basic Open-Hearth 
Practice” shows that the sulphur in the finished steel in- 
creased 3.33 points over the sulphur in the tapping test on 
nine heats which averaged..931 manganese in the pig iron; 
and on eight other heats, with manganese in the pig iron 
averaging .665, the increase in sulphur was 5.37 points. 

One heat from each classification showed a decrease in 
ladle sulphur compared to tapping sulphur, hence they are 
not included. 

The tables also show a decrease in sulphur content of 
ladle slag after tapping, this being occasioned because of — 
silica picked up from the runner spout and ladle lining, which 
upsets the lime-silica ratio, aided also by the constantly 
decreasing temperature of metal and slag. 

The study further shows that the higher manganese heats 
had an excess of manganese in the slag which undoubtedly 
assisted in neutralizing the effects of acid absorption by slag. 
The excess manganese in the slag is an aid, not only to sul- 
phur reduction, but without it the metal bath is more likely 
to be over-oxidized. — 

A check of the decreased lime in the ladle slag as compared 
to tapping slag shows a 4.31 loss in CaO for the low-manga- 
nese heats in contrast to only a 2.90 CaO loss for the high- 
manganese heats. 

The writer concurs in all the conclusions drawn by Mr. 
Diehl and in addition desires to suggest that a comprehensive 
study be made relative to desulphurization by the use of 
manganese ores either in the blast furnace or in the. open- 
hearth, preferably both. 

Limestone is a distinct benefit in sulphur elimination, but 
an excess of limestone in the charge increases the pig iron 
requirement, also the time of the heat and indirectly adds to 
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the cost of ingots. However, judicious use of burnt lime in 
correcting an acid slag condition early in the refining period 
has become an established practice. 

Each individual plant must of necessity govern practice 
according to their local conditions. 


Tur CHarrMAN (Mr. Howard H. Cook): We will have a 
further discussion of Mr. Diehl’s paper by Mr. F. 8. Slocum, 
Manager Metallurgical and Inspections Departments, Jones 
& Laughlin Steel Corporation, Pittsburgh, Pa. 


Discussion BY FRANK 8S. SLocum 
Manager, Metallurgical and Inspections Departments, Jones & 
Laughlin Steel Corporation, Pittsburgh, Pa. 

The subject chosen by the author is of exceptional interest 
to the members of this Institute, as well as to all those con- 
cerned in the manufacture of steel. Although much is known 
and has been written about ‘‘sulphur,’’ it has remained for 
Mr. Diehl to present this subject in a very complete manner, 
tracing the various steps logically through the cycle of opera- 
tions, so comment necessarily resolves itself almost entirely 
into appreciation of the study and work represented, and of 
the generous spirit that makes such valuable information 
common property. Therefore, our few remarks can only tend 
to confirm some of his observations by a few experiments 
we have conducted. 

Besides the manufacturers of steel, the consumers should 
also be interested in this subject, as it brings to their atten- 
tion the complications and costs involved in the manufacture 
of steel with a low sulphur content. 

In studying the absorption of sulphur by scrap exposed to 
high-sulphur fuel in the open-hearth furnace, Mr. Diehl has 
carried his experiments to the soaking pits to demonstrate 
further sulphur absorption, mentioning that, when using pro- 
ducer gas as fuel, it is necessary to sereen the coal used for its 
manufacture in order to decrease the amount of sulphur in 
the gas. The problem of the sulphur content of coal, where 
producer gas is used as a fuel, consequently becomes of 
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increased importance with the demand for lower sulphur 
content in steel. 

Our experience with stationary furnaces has demonstrated 
that the longer the heat is held in the furnace in the presence 
of high-sulphur gas, the more difficult it becomes to produce 
low-sulphur steel. Therefore, the sulphur in the coal should 
be as low as practicable, so that the gas produced has a low 
sulphur content. We find it advisable to screen the coal to 
one inch or over and limit the sulphur content to not over 
1.3 per cent. . 

Some experiments were made under close observation at 
the South Side Works of Jones & Laughlin Steel Corporation, 
with furnaces of the tilting type, using as fuel a mixture of 
by-product gas and tar containing about 240 grains of hydro- 
gen sulphide per hundred cubic feet. 

The bath, slag, ingoing and outgoing gases were analyzed; 
slag weights and other data were obtained. The results indi- 
cate that the sulphur content of the bath had increased con- 
siderably shortly after the scrap had melted, and before the 
slag had completely formed. Further, that the volume, 
- fluidity, and basicity of the slag throughout the heat seems to 

govern the amount of sulphur that the slag holds or imparts 
to the bath. 

We are of the opinion that pig iron of high manganese 
content should be used, not only to assist in the elimination 
of sulphur, but also to aid in the prevention of over-oxidation. 

Mr. C. H. Herty and associates, in a paper read before the 
American Institute of Mining and Metallurgical Engineers 
in February, 1925, stated that for any given amount of sul- 
phur in the combustion gases, there is a fixed amount of sul- 

‘phur in the slag corresponding to an equilibrium condition 
under which the slag neither loses nor absorbs sulphur, and 
the gas neither loses nor gains sulphur. This observation was 
confirmed by our experiments. When the waste gases have a 
sulphur dioxide content above .04 per cent., the slag absorbs 
sulphur and will retard desulphurization of the metal, or 
beyond a certain point it will even cause an increase of sul- 


phur in the metal. 
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In studying the absorption of sulphur in the soaking pits, 
it was noted that sulphur variations occurred between the 
ladle test and the finished product. Preliminary tests taken 
from the open-hearth bath and from the ladle as the steel was 
being teemed into molds, and also from ingots before entering 
the soaking pits, showed a low-sulphur content. 

After the ingots were placed in the soaking pits and heated 
for the usual period of time with by-product gas containing 
about 460 grains of hydrogen sulphide per hundred cubic 
feet, there was found a higher sulphur content on the surface 
exposed to the flame than was found deeper in the ingot. 
These experiments verify Mr. Diehl’s observations. How- 
ever, this sulphur absorption can be combated by either 
washing the gas as suggested by Mr. F. W. Sperr of the 
Koppers Company, or by preoxidation of the sulphur as 
pointed out by Mr. Diehl. 

A statement that may be of more or less interest is that 
the deep bath tilting furnace will eliminate sulphur as rapidly 
as the stationary type basic open-hearth furnace. This is true 
largely on account of the ease with which a slag can be 
flushed off at any time during the working of the heat. Due 
to the rapidity and thoroughness of slag removal in the tilting 
furnace, a comparatively new and fresh slag can be quickly 
made. This condition tends to balance the advantage of the 
more intimate contact of the slag with the steel in the shallow 
bath furnace. 

In general the method of eliminating sulphur is the same, 
whether in a furnace of tilting or stationary design. Toward 
the finish of a heat, if the bath contains small percentages of 
carbon and manganese, and the temperature is high, the 
solubility of iron oxide increases. This also has a tendency to 
cause red-shortness, the same as sulphur. 

In holding the heat at this stage merely to reduce the 
sulphur, there often results an over-oxidized bath which may 
be more detrimental, so far as red-shortness is concerned, 
than if the heat had been tapped earlier with slightly higher 
sulphur content. 


In conclusion, the principal thought we wish to leave with 


SULPHUR IN BASIC OPEN-HEARTH PRACTICE—SLOCUM 403 


you is that it may be expedient for all steel manufacturers to 
coéperate towards enlightening the consumers, who may be 
insisting upon a lower sulphur content than is necessary or 
desirable on the importance of these points. 


Tue Cuarrman (Mr. Howard H. Cook): Next on the 
program is a paper by A. W. Smith, Works Superintendent, 


The Youngstown Sheet and Tube Company, Youngstown, 
Ohio. 


THE USE OF HIGH-MANGANESE BASIC PIG IRON 
AND MANGANIFEROUS ORES IN OPEN- 
HEARTH STEEL PRACTICE 


A. W. Smite 


Works Superintendent, The Youngstown Sheet and Tube Company, 
Youngstown, Ohio 


HiagH MANGANESE Basic Pic Iron 
The use of manganiferous ores and pig iron in open-hearth 
practice is a question which has been the subject of con- 
siderable discussion in recent years. Many reasons have 
been advanced against the use of manganiferous pig iron 
in open-hearth practice, the most important of which are 
the following: 


1.—The disadvantages in the blast furnace operation. 

2.—The metallic loss in the open-hearth practice. 

3.—The increased corroding action on open-hearth basic 
refractories and ladle refractories. 

Some of the advantages obtained by using manganiferous 

pig iron in open-hearth practice are the following: 

1.—Elimination of sulphur. 

2.—Purifying action in the bath, which tends to produce 
a better quality steel. 

3.—Saving of ferromanganese. 

4.—Decreased lime charge and the saving of fluorspar. 

5.—Increased tonnage. 


It is our opinion that the advantages of the use of man- 
ganiferous pig iron are greater than the disadvantages. The 
disadvantages are gradually being eliminated, or are proven 
not to have existed. 

The use of manganiferous ores in blast furnace mixes, 
which result in an iron with a content of approximately 1.50 
to 2.00 per cent. manganese, we believe is of material benefit 
to blast furnace practice for the following reasons: 
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1.—The higher manganese tends to increase the rate of 
driving, which is due to a more fluid iron. , 

2.—Troubles due to high bottoms are reduced. 

3.—Less runner and ladle scrap is produced in the manu- 
facture of high-manganese iron than with low-man- 
ganese iron. 

4.—As a general rule, higher blast temperature can be used 
if the manganese of the pig is not carried too high. 
Lower coke consumption is obtained than in the pro- 
duction of lower manganese pig iron. 

5.—With better furnace operations less flue dust is pro- 
duced. 

6.—Owing to the affinity of manganese for sulphur, the 
use of high-manganese iron’ will enable the open- 
hearth to produce steel of lower sulphur content. 


Some of the disadvantages in the use of manganiferous 
ores in the blast furnace practice are: 


1.—The irregular manganese content in the ore over a 
period of one ore season, which as a rule results in an 
irregular content of manganese in the pig iron pro- 
duced, inasmuch as ordinary iron ores are not classi- 
fied on a manganese basis. 

2.—If pig iron is produced with excessive manganese 

content, the furnace bottom is liable to become low 

and frequent break-outs may occur, due to the ex- 
tremely bad cutting action on the brick-work of the 
furnace. 


A study of a number of tests would indicate that there is 
no decrease of yield of ingots produced while using manga- 
niferous pig iron. Within certain ranges and similar conditions, 
the iron oxide plus the manganese oxide content of the slag 
is more or less of a constant. This means, as the manganese 
enters the slag, iron leaves the slag and goes to the bath. As 
an example, while using pig iron with 0.60 per cent. manga- 
nese, our open-hearth ingot yield was approximately the 
same as when using pig iron containing 2.00 per cent. 
manganese. 
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The open-hearth slag formed when using high-manganese 
iron appears to have a greater corrosive action on the basic 
refractories and ladle refractories than when using the low- 
manganese iron. It is possible to minimize this action by the 
proper manipulation of the slag while using high-manganese 
pig iron. When we first started to use high-manganese pig 
iron in our open-hearth charge, our consumption of bottom 
refractories and ladle refractories increased about 12 per 
cent. After making a number of heats and a study of the 
slag conditions, we were able to bring our consumption of 
bottom refractories and ladle refractories to approximately 
the same amount as when we were using low-manganese pig 
iron in our charge. 

The use of manganiferous pig iron enables the open-hearth 
to produce ingots of a lower sulphur content. A number of 
heats were charged with 42 per cent. of pig iron which con- 
tained approximately .80 per cent. manganese and 58 per 
cent. of a good heavy melting scrap. The calculated average 
sulphur in the charge was .042 per cent. Also, a number of 
heats were charged with 42 per cent. of pig iron, which con- 
tained approximately 1.80 per cent. manganese and 58 per 
cent. of a good heavy melting scrap. The calculated average 
sulphur in the charge was .042 per cent. The same amount of 
limestone was charged in all heats. The sulphur obtained in 
the ingots produced from the low-manganese pig iron was 
-038 per cent. and the sulphur obtained in the ingots pro- 
duced from the higher manganese pig iron was .033 per cent. 

Given the same scrap charge, if high-manganese pig iron 
be substituted for low-manganese pig iron, the same sulphur 
content of finished ingot can be obtained with a 12 per cent. 
limestone reduction. 

A study of over 1000 heats of open-hearth rimmed steel 
made to meet the deep drawing requirement, the study being 
made on the quality basis which covers freedom from surface 
defects, and ability of the steel to meet the physical and 
chemical requirements, clearly indicates that open-hearth 
steel of this character made with iron of 1.50 to 2.00 per cent. 
manganese content gives the best results for steel of this 
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nature. This study also indicated that steel made from iron 
which carries more than 2.00 per cent. manganese, especially 
when the manganese is around 2.5 per cent., is not as satis- 
factory as when steel is made from iron carrying 1.50 to 2.00 
per cent. manganese. We have not as yet determined the 

‘reason for this, but our experience, so far, would indicate that 
for rimming steel those heats charged with pig iron contain- 
ing 1.50 to 2.00 per cent. manganese are the best. 

The residual manganese in the bath seems to bear a defi- 
nite relation to the manganese in the pig iron. In the manu- 
facture of open-hearth steels using a 45.00 per cent. iron 
charge, the residual manganese in the bath, when using pig 
iron of 1.00 per cent. manganese and under in the charge, 
averaged .16 per cent.; while the residual manganese in the 
bath, when using a pig iron containing 1.50 to 2.00 per cent. 
manganese, was .23 per cent. This residual manganese 
results in a saving of from 16.00 to 20.00 per cent. of ferro- 
manganese. 

The consumption of fluorspar was 12.00 per cent. less on 
heats made with 1.50 to 2.00 per cent. manganese iron than 
those made from iron of 1.00 per cent. and under. An increase 
of 3.50 to 5.00 per cent. in tonnage was obtained when using 
1.50 to 2.00 per cent. manganese pig iron. 


Tue Use or a 4.00 Per Cent. MANGANIFEROUS FINE 
ORE AS A CHARGED ORE 
The following test was made to see what results would be 
obtained by charging heats of the following approximate 
composition: 


OMIT OTIMMEIN ochre nee ie nriae cinerea ee em Sets 140,000 pounds 
SevapiCnareehea ena. dams cae «idle lereer tas 145,000 pounds 
(QUmrtetelGives os oe See mOEe ate on en manor hs 10,500 pounds 
Whimgest ane CWA EE. acer oe ce eosin an Ms oe ea 25,000 pounds 


The pig iron and scrap charge for all these heats was of 
approximately the same analysis. This test was made on 
rimmed steel. Twenty heats were charged with a 4.00 per 
cent. manganiferous ore and 20 heats were charged with an 
ordinary soft ore. . 
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The analysis of these ores was as follows: 


Tron Silica | Alumina} Phos. | Mang. 


Manganiferous fine ore...... 49.60 6.59 2.98 -630 3.65 
Non-manganiferous ore..... 60.90 4.06 1.69 .074 .50 


The analysis of pig iron was as follows: 


Silicon Sulphur Manganese 
LEP eto, panto ae. 1.00 to 1.25 040 and under _ 1.50 to 2.00 per cent. 


Slag and metal tests were taken during various stages of 
working these heats. The following table gives a comparison 
of the residual carbon, residual manganese, manganese in the 
slag at time of melting and manganese in the slag at time of 
tapping for the heats worked with the various ores: 


MANGANIFEROUS 

No. of Residual Residual Mn in Slag, Mn in Slag, 
Heats Carbon Manganese * Melting Tapping 

10 .07 and under 21 14.12 8.40 

5 08 to .09 22 13.87 8.15 

5 LO. ta 2 23 14.29 8.20 

NON-MANGANIFEROUS 

11 .06 to .07 21 13.59 7.42 

5 -08 to .09 19 12.28 7.18 

3 10 to .11 25 11.18 6.49 


The sulphur content of steel made with manganiferous ore 
and pig iron containing 1.50 to 2.00 per cent. manganese was 
approximately the same as that made with a non-manganif- 
erous ore and pig iron containing 1.50 to 2.00 per cent. man- 
ganese. The spar consumption per ton of steel made with 
manganiferous ore was approximately 20 per cent. less than 
for steel made with a non-manganiferous ore. In regard to 
the rolling qualities of the steel made by the two kinds of ore 
charged, a quality ratio was established based on the surface 
defects and yields. As the surface defects increased and the 
rejections increased, this quality factor was proportionately 
decreased. Heats made from using manganiferous ore showed 
a slightly higher quality factor than those made from non- 
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manganiferous ore, but there was not enough difference to 
draw any definite conclusions from the uses of these two 
classes of ore. This test indicated that a 4.00 per cent. man- 
ganiferous ore, as a charged ore, can be used satisfactorily. 
No appreciable increase of residual manganese was noticed. 
A study of slag analysis and conditions seems to show that a 
large portion of the manganese enters the slag. 


THe Use or MANGANIFEROUS LUmp ORE AS A 
WoRKING ORE 


In order to see the relation between using a manganiferous 
. lump ore and a non-manganiferous lump ore for working ore, 
a test was made using an ore containing approximately 8.00 
per cent. manganese and compared with an ore containing 
very little manganese. 

The analysis of ores is as follows: 


Tron Silica | Alumina} Phos. | Mang. 
Manganiferous lump ore..... 45.28 6.12 2.48 .641 8.16 
Non-manganiferous ore..... 59.00 5.24 2.91 .094 39 


The average charge of these heats was: 


Cold Pig 


Scrap Hot Metal tree Limestone 
Pounds2s icc fl. sae 165,000 52,000 67,500 24,000 
The analysis of pig iron was: 
Silicon Sulphur Manganese 
BIST ILO Meee meeyPacis Ae tec a ao oe 1.00 +0 1.25 .040and under 1.50 to 2.00 


Approximately 12 heats were worked with the above 
manganiferous ore and these heats were compared with 12 
heats worked with the non-manganiferous ore. These heats 
were all low-carbon heats and were rimming steel. Bath and 
slag tests were taken at various intervals during the working 
of the heat. The following table gives the amount of worked 
ores, residual carbon, residual manganese, manganese in slag 
at time of melting and manganese in slag at time of tapping: 
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MANGANIFEROUS ORE 


No.of | ‘VeT@° | Residual | Residual | Mnin Slag, | Mn in Slag, 
Heats | wo vked Or " Carbon |Manganese| Melting Tapping 
12 8170 pounds | .08 to .12 24 13.39 11.20 
NON-MANGANIFEROUS ORE 
12 8450 pounds | .08 to .12 22 12.51 8.21 


This table shows that there was a very slight increase in 
residual manganese in heats worked with manganiferous ore. 
The spar consumption for heats worked with manganiferous 
ore was approximately 20 per cent. less than for heats worked 
with a non-manganiferous ore. The sulphur content of heats 
worked with manganiferous ore and non-manganiferous ore 
was the same. In regard to the rolling qualities of steel made 
with a manganiferous ore, a quality ratio was established in 
the same manner as in the previous tests. After comparing 
these heats on a quality basis, it was evident that there was a 
slight increase in the quality of the heats made with a man- 
ganiferous ore. This difference was very slight, however. The 
difference was not great enough for us to say that there is any 
definite benefit derived by the use of a manganiferous ore as 
a worked ore, as far as the rolling quality of the steel is 
concerned. 

In order to see what advantages there were in using an 
18.00 per cent. manganiferous ore as a worked ore, 8 heats 
were worked with an ore of the following analysis: 


Tron Phos. Mang. 
35.25 Joel 18.68 


These heats were compared with heats worked with non- 
manganiferous ore of the following analysis: 
Tron Phos. Mang. 
59.58 094 39 
The analysis of the pig iron charged in the heat was: 


rad Silicon Sulphur Mang. 
Pie Tron as ean ees 1.00 to 1.25 040 and under 1.40 to 1.60 
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The following table shows the average amount of ore 
worked through the heats, residual carbon, residual manga- 
nese, Manganese in slag at time the heat was melted, and at, 
the time the heat was tapped: 


MANGANIFEROUS LUMP ORE 


Manganese in| Manganese in| Amount Metallic Residual | Residual 
Melting Slag |Tapping Slag Ore Manganese |Manganese| Carbon 
7.93 7.36 5700 322 .20 075 
NON-MANGANIFEROUS LUMP ORE 


7.82 5.78 | 5000 | 314 | 18 .063 


This table shows that there was a slight increase in resid- 
ual manganese. There was more manganese in the tapping 
slags of heats worked with manganiferous ore than with non- 
manganiferous. In working heats with ore containing 18.00 
per cent. manganese, a decrease of approximately 25.00 per 
cent. of spar was obtained over those heats worked with ore 
containing .30 per cent. of manganese. No appreciable 
decrease of sulphur was noticed. In regard to the rolling 
qualities very little differences were noticed. 

Recently some tests have been made using a 48.00 per 
cent. manganiferous ore as a charged ore. Several heats 
charged with 42.00 per cent. pig iron, 58.00 per cent. scrap, 
25,000 pounds of limestone, 2000 pounds of 48.00 per cent. 
manganiferous ore and tapped with a carbon of about 0.30 
per cent. have shown an increase of 30 to 40 per cent. of 
residual manganese compared to heats in which manganese 
ore has not been worked. The heats worked well and all 
indications pointed to a good quality steel. . 

In our opinion many tests must be made before the real 
advantages and disadvantages of uses of manganiferous ores 
in open-hearth practice are known. We feel that exhaustive 
studies of slag analysis, slag conditions and slag formations 
must be made before any definite conclusions are drawn. As 
a result of our recent tests, we have decided to do more work 
along these lines and in doing so we hope to show that 
manganiferous ores can be used economically and beneficially 
in the open-hearth practice. 
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Tue CuatrMan (Mr. Howard H. Cook): This paper will be 
discussed by Mr. Peter G. Wilander, Superintendent of Blast 
Furnaces, Wheeling Steel Corporation, Wheeling, West Va. 


Discussion By P. G. WILANDER 


Superintendent of Blast Furnaces, Wheeling Steel Corporation, 
Wheeling, West Va. 


The use of manganiferous ores in the process of making 
iron and steel has increased greatly during the last few years, 
because it is found that this practice is helpful in making a 
better product and improves practice. Mr. A. W. Smith in 
his paper has submitted very interesting data on extensive 
tests on open-hearth practice using different grades of ores 
and pig iron, effecting a saving in operating costs as well as 
an improved quality of steel. 

Our practice has demonstrated that in using high-manga- 
nese pig iron a material saving of ferro-manganese is immedi- 
ately noted in the open-hearth. This saving is proportional 
to the manganese content in the iron. High-manganese iron 
for open-hearth use has the advantage that it leads to a homo- 
genous manganese-bearing bath of steel, whereas by adding 
ferro-manganese there is a tendency to some segregation. 

The use of manganiferous ore as a charge ore at our open- 
hearths has not been extensive enough to determine its value, 
but we believe that a metallurgically suitable ore, properly 
prepared to meet open-hearth requirements, would be desir- 
able. A sintered manganiferous product in briquetted form 
may be used to advantage. 

It has been our custom to produce iron containing 1.50 
to 2.00 per cent. manganese, and in some instances from 2.00 
to 2.25 per cent. manganese, depending on how much sulphur 
there is to contend with in the blast furnace burden and how 
pure the steel product has to be, also bearing in mind that 
pig iron containing 2.00 per cent. manganese and over holds 
the carbon more as chemically combined carbon than does 
iron with lower manganese content, delaying the oxidizing 
of the carbon in the open-hearth furnace. 
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To obtain the desired manganese in the iron, the blast 
furnace burden is calculated so as to allow about twenty-five 
per cent. loss, which goes into the slag. There is also more or 
less manganese lost as flue dust in outgoing gases. Manganese 
enters the blast furnace burden mainly as manganese oxide 
(MnO:2) and is reduced to manganous oxide (MnO) in the 
upper part of the furnace with final reduction in the hearth 
if that is hot and basic. Increasing the basicity of the slag 
will lower the loss of manganese into the slag, but at the 
expense of coke and lower production. The temperature of 
reduction of manganese is much higher than that of iron and 
the furnace must be hotter and silica must be satisfied in 
order to put the manganese into the iron, for manganese has 
a tendency to act as a base and unite with silica, but lime 
(CaQ) being a stronger base enables the manganese to go into 
the iron providing there is no uncombined silica and the 
furnace is hot and basic. Lean slags carry off manganese as 
the excess or uncombined silica has an affinity for MnO 
(manganous oxide). 

High manganese loss in the slag is not always a criterion 
of poor practice, as slag volume must be reckoned with. A 
given manganese loss in a given slag volume can be made to 
show !ow loss if slag volume is greatly increased and practi- 
cally the same basicity maintained, so that this method of 
judging loss is not infallible. The percentage of MnO in the 
slag depends on such factors as hearth temperature, ratio of 
bases to silica and rate of driving. 

Due to manganiferous ore charged in the blast furnace 
burden sufficient to make 2.00 per cent: manganese in the 
iron, a blast furnace can be operated on a more acid slag and 
still make a low-sulphur iron, because manganese acting as 
a base combines with silica, allowing lime to combine with 
sulphur. Thus carrying ample slag volume, that is, large 
enough to protect the iron from being reoxidized, the lean 
condition of the blast furnace makes fast driving with ability 
to absorb high blast temperature. Due to the ability of carry- 
ing a lean slag the furnace will keep cleaner on bosh and 
hearth, thus on smooth travel the melting zone is lower, re- 
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ducing the flue dust production, decreasing the coke con- 
sumption and increasing pig iron production. 

It is a metallurgical law that a metal will dissolve com- 
pounds of itself, but not compounds of another metal with as 
much ease; therefore, MnS separates out and rises to the 
surface. MnS is not as harmful as FeS. Manganese is an 
intense deoxidizer; it prevents over-oxidation of iron and has 
a marked tendency to eliminate any occluded oxygen or 
dissolved FeO. 

The extent of the desulphurization of hot metal from the 
blast furnace, in 11% hours time of standing in ladles, is 
actually from 3 to 15 points downward. The higher the 
initial sulphur the more sulphur is carried off as Mn8S. This 
factor in itself is of measurable value as it gives the open- 
hearth lower sulphur iron than would be the case with low 
initial manganese. Manganese, having a greater affinity for 
sulphur than iron, carries the sulphur away as MnS. 

The following figures will show the reduction of sulphur in 
the hot metal: 


No. 1 No. 2 No. 3 
_ | Sul. After Sul. After| | Sul. After 
Sil.| at |Mang.|14 Hr.| Sil.| at |Mang./14 Hr.| Sil.} at |Mang.| 14 Hr. 
Cast Sul. Cast Sul. Cast Sul. 


-82 | .040 | 1.74 | .035 | .88 | .042 | 2.00 | .037 | .68 | .048 | 1.73 | .040 
-88 | .038 | 1.82 | .034 | .85 | .048 | 1.98 | .045 | .65 | .046 | 1.69 | .039 
-86 | .036 | 1.83 | .035 | .78 | .049 | 1.79 | .044 | 60] .052 | 1.51 | .041 
-91 | .038 | 1.89 | .036 | .85 | .046 | 1.96 | .040 | .57 | .056 | 1.58 | .050 
-98 | .036 | 1.86 | .035 | .77 | .049 | 1.80 | .040 | .65 | .046 | 1.64 | .040 
-80 | .037 | 1.67 | .032 | .65 | .051 | 1.71 | .042 | .69 | .048 | 1.58 | .039 


High-manganese iron will retain its fluidity much longer 
in ladles (and mixers) on account of high intial heat; this 
helps to. keep down scrap production. 

The irregularities in raw materials used in a blast furnace 
has always been detrimental to good furnace practice causing 
irregular operation. Large sized furnaces are not so sensitive 
to changes because of their larger capacity for storing heat. 
If the raw materials were reduced to fewer grades, it would 
simplify the weighing and filling, with less possibility for 
error, and less mix up in the ore storage. 
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Three ores should be ample for charging into blast 
furnaces: 

1—Basic (or bessemer) ore. 

2—Manganiferous ore. 

3—NSilicious ore (if needed for ample slag volume). 

The sizing, mixing and grading of ores, also more careful 
mining during the last few years, has helped to improve blast 
furnace practice considerably. 


Tur CuarrmMan (Mr. Howard H. Cook): There will be a 
further discussion of this paper by M. J. Devaney, Superin- 
tendent of Steel Production, South Works, Illinois Steel 
Company, South Chicago, IIL. 


Discussion BY M. J. DEVANEY 


Superintendent of Steel Production, South Works, Illinois Steel 
Company, South Chicago, IIl. 


The paper submitted by Mr. Smith, dealing with the use 
of high-manganese basic pig iron and manganiferous ores in 
open-hearth steel practice, indicates the value of manganese 
in the open-hearth process. 

The beneficial effect and results obtained as shown by 
Mr. Smith, due to the presence of additional manganese in 
the open-hearth charge, in the form of high-manganese pig 
iron, practically duplicates the results which have been 
obtained over a period of years at the South Works of the 
Illinois Steel Company. For this reason our discussion of that 
part of Mr. Smith’s paper pertaining to the use of high- 
manganese and low-manganese pig iron will be in the form of 
additional data that further substantiate Mr. Smith’s find- 
ings regarding the advantages of high-manganese pig iron. 
The data referred to are a résumé of blast furnace, open- 
hearth and rolling mill practice at these works for the past 
eight years and represent very large tonnages of steel pro- 
duced when using both high and low-manganese pig iron. 

We will begin this discussion with blast furnace practice, 
but before going further it is to be understood that when we 
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mention high-manganese pig iron we mean iron containing 
1.75 to 2.00 per cent. manganese and by low-manganese pig 
iron we mean iron containing about one per cent. manganese. 


Buast FurNAcE PRactTIcE 


It has been our experience that for the best and most 
economical open-hearth practice the iron used should con- 
tain from .70 to 1.00 per cent. silicon and under .040 per cent. 
sulphur. When our blast furnaces are producing high- 
manganese iron these specifications can be successfully met 
and maintained; the percentage of off grade iron produced 
being comparatively low. The iron is unif orm, high in quality 
and physically hot; at the same time, maximum tonnages 
and low coke consumption. prevail. 

On the other hand, when producing low-manganese basic 
pig iron and attempting to, meet the low-silicon, low-sulphur 
requirements, the quality of the iron suffers, more off grade 
iron is produced in the form of low-silicon, high-sulphur iron 
or high-silicon iron with fairly low-sulphur, the tonnage 
decreases and the consumption of coke per ton of iron 
increases. 

The only disadvantage, ,or lessening of advantages as it 
were, in blast furnace practice when producing high-manga- 
hese pig iron can be attribut.ed to the physical qualities of the 
manganese-bearing ores. If these ores are reasonably free 
from fines, the advantages of high-manganese iron in blast 
furnace practice are somewh at greater than when the manga- 
nese-bearing ores carry a large percentage of fines. 


' 
Open-Heanrtau PRACTICE 


When high-manganese iron is used, the limestone burden 
in the open-hearth furnace Gan be reduced, due to the uni- 
formly lower silicon and sulyphur content of high-manganese 
iron as compared with low-m\anganese iron. 

The decreased slag volume tends to lessen the total iron 
losses, the speed of the open-‘hearth furnace is increased and 
the fuel consumption per ton jof ingots is decreased. 
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The beneficial effects in open-hearth practice due to the 
presence of higher manganese in the charge are numerous. 

1. Manganese is a powerful deoxidizer and is of great 
assistance in freeing the bath of oxides, thereby improving 
the quality of the steel produced. ° 

2. The slag is more fluid, requires less fluorspar and can be 
shaped up more readily. 

3. The sulphur content of the steel is very much lower; 
the average reduction directly attributed to high-manganese 
iron amounts to twelve or fifteen per cent. 
_ 4. The average residual manganese in the bath at the 
time of tapping is .23 to .25 when using high-manganese iron 
and .12 to .15 when using low-manganese iron. 

5. The saving in ferro-manganese additions is at least two 
pounds per ton of ingots. 

The supposed disadvantages of high-manganese iron in 
open-hearth practice, as mentioned by Mr. Smith, do not 
exist at our Works. It has been our experience that the ingot 
yield is somewhat higher when using high-manganese iron 
than when using low-manganese iron because the decreased 
slag volume plus the sharper working bath tends to a cleaner 
furnace practice, less runner scrap and fewer ladle skulls. 

The corroding action in the open-hearth furnace is greater 
when low-manganese iron is used, due to the increased silicon 
content of the iron, plus the fact that many heats must be 
held in the furnace for a greater length of time in order to 
comply with sulphur specifications. 

The life of the steel ladle lining increases rather than 
decreases, when high-manganese iron is used, because of 
cleaner furnace practice and fewer ladle skulls. 


Rouuinc MiLu PRACTICE 


The use of high-manganese pig iron in the open-hearth is 
directly responsible for a decided improvement in rolling 
mill practice. The steel, when rolled, has less surface defects, 
is more uniform in tensile strength, has greater ductility and 
the percentage of rejections is somewhat lower with a corre- 
spondingly higher percentage of shipped product. 


468 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


MANGANIFEROUS ORES IN THE OPEN-HEARTH 


Mr. Smith’s study of this subject indicates that when 
manganiferous ores are used, either in the charge or as a 
working ore and in combination with high-manganese pig 
iron, that there is a slight difference in favor of the manga- 
niferous ore, but rather hard to define. 

While we have had no experience in our plant in the use of 
manganiferous ores combined with high-manganese iron, I 
presume that it would be as difficult to form conclusions in 
this respect as it would be to show the possible differentials 
that may exist between the use of iron containing 1.80 man- 
ganese and that containing 2.00 or 2.10 manganese. 

On the other hand, if the manganiferous ores were used 
in combination with low-manganese pig iron, the difference 
in favor of manganiferous ores would no doubt be more pro- 
nounced. I feel very sure, however, that a unit of manganese 
in the form of manganiferous ore, when used in combination 
with low-manganese pig iron, will not be as effective in open- 
hearth practice as a unit of manganese in the form of high- 
manganese pig iron, because there is still the inferior quality 
of low-manganese pig iron to contend with. 


THE Cuarrman (Mr. Howard H. Cook): We will now 
have a paper by Mr. E. K. Miller, Superintendent Foundry 
Furnaces of the Tennessee Coal, Iron and Railroad Company, 
Bessemer, Ala., entitled ‘Production of Low-Phosphorus 
Pig Iron in the Birmingham District.” 


— 


THE PRODUCTION OF LOW-PHOSPHORUS PIG 
IRON IN THE BIRMINGHAM DISTRICT 


E. K. MILLER 


Superintendent, Foundry Furnaces, Tennessee Coal, Iron & Railroad 
Company, Bessemer, Alabama ~ 


The Birmingham District has no ores available in com- 
mercial quantities for the manufacture of low-phosphorus pig 
iron. The average phosphorus content of the red hematites, 
which constitute 90 per cent. of the iron ore supply, 
shows approximately 0.3 per cent., which gives a resultant 
phosphorus content in the iron of about 0.8 per cent. 

The steel plants of the Birmingham District found it 
necessary to purchase low-phosphorus pig iron from the 
North for the manufacture of ingot moulds and special 
castings. 

So far as known the first low-phosphorus pig iron pro- 
duced was in 1903 by the Tennessee Coal, Iron & Railroad 
Company. A cargo of low-phosphorus ore was imported from 
Cuba for the manufacture of low-phosphorus pig iron to be 
used at Ensley Works in the manufacture of ingot moulds. 
This iron ore contained .023 per cent. phosphorus, giving a 
resultant phosphorus content in the pig iron of .12 per cent., 
but the ore was high in sulphur, giving sulphur content in 
the iron of approximately .150 per cent., which was undesir- 
able for the manufacture of ingot moulds. 

As the steel production increased, the requirements of low- 
phosphorus pig iron also increased to such an extent that the 
Tennessee Coal, Iron & Railroad Company began experi- 
menting in the early part of 1914 in melting steel scrap and 
high-phosphorus pig iron in a cupola for the manufacture of 
ingot moulds, the proportion of scrap in the charge varying 
from 40 to 100 per cent. This was unsuccessful on account of 
being unable to raise the silicon above .80 per cent. and con- 
trol the sulphur in the iron. 
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A few months later a method was developed for the manu- 
facture of low-phosphorus iron in a blast furnace, using about 
80 per cent. steel scrap and 20 per cent. low-phosphorus 
brown ore, adding silica rock to increase the slag volume 
sufficiently to control the sulphur in the pig iron. On account 
of the scarcity of low-phosphorus brown ore, this burden 
was changed to an all steel scrap charge. This is done by 
charging into an open-top furnace steel scrap, coke, river 
gravel, dolomite and a small amount of manganese ore. The 
steel scrap of the charge consists of approximately 70 per 
cent. rail ends, the remainder being bloom crops, broken ingot 
moulds and miscellaneous rod and plate scrap. 

The following is a typical furnace charge when operating 
on this iron: 


Pounds 
DUCE) SETA. a... td oc trad ae ee eee Oe ee 15,300 
POEs Su ad Nas J OPS pe, He eee 7,400 
Haver sem vel 02's sais binds Pacts Oa ea ae eminent oe 1,800 
Dolomite... .th.ccnat cone eee oe eee en 4,700 
Manganese oft. .52 slats 1 eee ee 75 


The gravel, which is the cheapest acid available, is added 
to permit the use of additional dolomite to increase the slag 
volume for the absorption of the sulphur in the coke. 

The following is the analysis of the river gravel used: 


Per cent. 
TG CIBC 8 sw sinters sone veers a eee eee 1.22 
Rlliga hiv waiienic/iy.. ROL aed. Pee eee eee 98.16 
dluenls 5.5) digs cswcntia's 1 ean eee ee Se 35 
Foaphonus ss <0"; . cS. cc es ee, eee 018 


The dolomite used comes from the Ketona Quarries of the 
Tennessee Coal, Iron & Railroad Company, and shows the 
following analysis: 


Per cent. 
Tron oxides. m%, Ui 5AM Sree yy ee eee ee ee .20 
oe eee en eee es te ee: ChB Se at 68 
ALGER yi 05 5 ee Satonk: bie eee ene 53 
Limi. « roists sn33 eee aed 2, SO Rees eee 30.70 
MARI OGIA «5-5 5 sss tis cen cokkt she dP hat en ee 20.50 


The steel scrap of the furnace charge is below .06 per cent. 
in phosphorus. Forty-eight inches is the maximum length of 
rail ends, bloom crops and miscellaneous scrap that can be 
used in an open-top furnace. The maximum size of broken 
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ingot moulds is 48” X 36” X 414”, which will weigh approxi- 
mately 2000 pounds. 

The above method in the manufacture of low-phosphorus 
pig iron with an all steel scrap burden, using river gravel to 
make up a slag volume was developed exclusively by the 
Tennessee Coal, Iron & Railroad Company at their Bessemer 
Blast Furnaces. So far as known this method is not used at 
any other blast furnace plant. 

A high-grade bessemer iron is produced which cannot be 
distinguished from that produced from iron ore. 

On a recent campaign, No. 2 Bessemer Blast Furnace of 
the Tennessee Coal, Iron & Railroad Company produced 
21,842 tons, which showed an average analysis of: 


ae Per cent, 
SSRI pe fe Re ee icine tLe Loe «acct thee Satie oe regedit 89 
POULT een enn crete eet tas ans coer eae toe eben eure, vale 034 
OS UNONIS eerste eatin «Atle oa yoty inte seed aso .079 
VRC SEG oie Ma eae « she cso Rte loner aie pesr es teas 75 


The total carbon will average approximately 4.25 per 
cent. 

After experimenting it was found, with an all steel scrap 
charge showing .04 per cent. sulphur, and coke 1.10 per cent. 
sulphur, that 800 pounds of slag per ton of iron was about 
right to keep the sulphur well below the saturation point in 
the slag and permit the control of sulphur in the pig iron. The 
average slag analysis on this campaign showed: 


Per cent. 
ERENCE eee elas oa eahd «Lae ene he Mania eters nies aie 45 
Bilicdl ak eee eee ean) buckind Whew as ug eee ea 37.39 
AVG PREC pe ay EE SP Pec een pa ere ae 7.40 
Siri es ee eek re PE eae Renate eras ein ares 34.60 
BAAS OSA hl F itis + aire ie cam sieieare MU ETD eR ee 18.59 
BRU Sc tao ree haces eM e et rir cap mnmnoistrd + 6 1.86 


The following is a typical gas analysis when operating on 
this product. 


Per cent. 
Garbomdioxide (COs), os 6. heehee ae oe Del 
Liye MOa res pu pegs ect np en 9 oe she risin clapnlt anos ¢ 0 
Carbon monoxide (CO) .......:csereeee eee eneeeee 36.1 
Hydrogen (Hp) jeeines oes or evens enn dnewereeeee ns 2.1. 
Wiethate (Cis) 23: cee gn ne Oar teins mere sean) A 
Witracens (Ng) Peo ee ae ne ee oe 59.2 
BEA iNeed Bia Aa Ake Head ae ph A Sy tgh oor ss 2 124. 


It will be noted that BTUs show about ten points higher 
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than ordinary blast furnace gas. It is considerably lower in 
sensible heat, the average being about 4 per cent. 

The size of the furnace on which this low-phosphorus iron 
is produced is: 


Peat hk 2 i cute. ee ee ene Peter ee 12 ft. 3 in. 
Bosh. tessa oe ieee he ee 17 ft. 943 in. 
Heights: 7a.) }icot este ne cee eee! 74 ft. 6 in. 


The average production on this recent campaign shows 
397.3 tons per day with a coke consumption of 1045 pounds 
per ton of iron. The average wind blown is approximately 
24,000 cubic feet per minute. 

The bronze loss is excessive in the production of this iron 
as compared with the production of iron from ore. 

In the operation of a blast furnace with an all steel 
scrap burden, the wear on the hopper, bell and lip ring is 
very severe. 

The iron is cast in ordinary sand beds, from which it is 
broken and carried by hand to railroad cars. As long as the 
sulphur is maintained under .04 per cent. and the silicon 
above 1.50 per cent., no trouble is experienced in breaking 
the iron, as most of the carbon is in the graphitic state; but 
when the silicon is low and the sulphur high, the iron pro- 
duced is high in combined carbon, and consequently is 
malleable, making it very difficult to break. 

This operation should not be confused with that of the 
cupola. Besides melting scrap and slag-forming constituents 
it returns to the metal the carbon and silicon which were 
removed in the bessemer converter and the open-hearth 
furnace. 

During the last six months of 1918, the Tennessee Coal, 
Iron & Railroad Company operated their ‘Little Belle” 
furnace at Bessemer, producing low-phosphorus pig iron from 
an all steel scrap burden. This iron was cast in seventy-ton 
ladles, transferred to the open-hearth department at Ensley 
Steel Works, and used for recarburizing. 

The average production on this furnace was 242.5 tons 
per day with an average coke consumption of 1177 pounds 


; 
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per ton of iron. Average analysis of the iron produced on this 
furnace was: 


Per cent. 
PLC. Se a a! Stine APN te ec He 1.67 
ST eC Cee ee ne Oe ee ae NCAR 037 
BE te ATR Seiad a a Oe ae eee 066 
Dreier ca. (LRN S italeitees Beigaint meds eeiy? 13 


The ingot moulds and castings produced from this iron 
compare very favorably with those made from regular besse- 
mer pig iron. The pig iron produced is remelted in the cupola 
for the manufacture of ingot moulds, but it is the opinion 
that, if the iron were cast in the blast furnace ladles and 
poured direct into moulds, as they are now doing at most 
plants in manufacturing their ingot moulds, the mould prac- 
tice would be considerably better, on account of being able 
to get a lower sulphur mould. 

This method of charging all steel scrap in a blast furnace 
in the production of low-phosphorus iron has proven econom- 
ical in the Birmingham District, where there are no 
low-phosphorus ores available, but in a district where low- 
phosphorus ores are available, it would be more economical 
to use the ore, taking into consideration the price of scrap 
required for this operation. 


Tue CuarrMan (Mr. Howard H. Cook): This paper will 
be discussed by Mr. R. H. Ledbetter, of the Tennessee Coal, 
Iron and Railroad Company, Ensley, Ala. 


Discussion By R. H. LEDBETTER 
Tennessee Coal, Iron & Railroad Company, Ensley, Ala. 


Mr. Miller’s paper presents in a very able and clear man- 
ner the methods employed in the production of low-phos- 
phorus pig iron in the Birmingham District from an all steel 
scrap mixture; in fact, it is so clear and concise, that it can 
be readily understood by those familiar with blast furnace 
operations. Therefore, my remarks will be more or less a 
reiteration of statements contained in his paper. 
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The increasing requirements of low-phosphorus pig iron, 
together with the high delivered cost of this iron, or of ore 
suitable for its manufacture, brought about a study by the 
management of the Tennessee Coal, Iron & Railroad Com- 
pany, of a means of producing the tonnage and quality of iron 
necessary for making ingot molds from materials available 
in the Birmingham District, thereby making themselves 
self-sustaining. 

As stated by Mr. Miller, the first experiment in making 
low-phosphorus iron in the Birmingham District was con- 
ducted during the year 1903 with an ore imported from Cuba. 
The resultant grade of iron produced proved unsatisfactory 
for use in the manufacture of ingot molds. For some time 
after the unsuccessful campaign of 1903, Cranberry pig iron, 
manufactured in Eastern Tennessee, was purchased by the 
Tennessee Coal, Iron & Railroad Company. 

The experiment of 1914 in melting a mixture of steel 
scrap and high-phosphorus pig iron in a cupola, although 
proving unsuccessful on account of inability to control the 
sulphur and add the necessary silicon to the resultant prod- 
uct, I believe opened the avenue for the development of the 
present method of using an all steel scrap mixture in a blast 
furnace, where conditions are strongly reducing and tempera- 
tures higher than are possible in the cupola. 

During my seven years experience with the production of 
this iron, no serious difficulties were encountered in main- 
taining desired grades. The furnace works as easy, if not 
easier, than when producing ordinary pig iron from ore. 
However, on account of the low slag volume, any increase 
in the sulphur content is more noticeable when there is a rise 
in humidity or the furnace gets a slight amount of water from 
bronze leaks. The sulphur in the iron will show appreciably 
higher, with but little visible change in the slag. The physical 
characteristics of the iron change more rapidly with the 
fluctuations in sulphur content than ordinary pig iron does 
with the same variations. 

Iron made by this process, with silicon 1.50 per cent. or 
higher and sulphur content .04 or under, is easily broken, a 


a i 


heme 


q 
§ 
; 
: 


Se 


LOW-PHOSPHORUS PIG IRON—LEDBETTER 475 


large percentage of the total carbon being in the graphitic 
state. On the other hand, an iron of approximately 1.00 per 
cent. silicon and sulphur .06 or higher, becomes malleable and 
is very difficult to break, very little of the total carbon being 
in the graphitic state, the greater part being in the com- 
bined form. ~ 

Both dolomite and limestone are available for the base of 
the slag. On account of the necessity of operating strongly 
basic in order to insure sulphur control, it is found that the 
viscosity of a dolomitic slag is lower and therefore more easily 
handled than when the base is all calcium. Different mate- 
rials, such as gravel, sandstone and silica brick have been 
used for the acid of the slag forming constituents. Due to 
low cost, quantity available, uniform size and analysis, river 
gravel has been used exclusively for the past six years. Neces- 
sary manganese additions have been supplied by manganif- 
erous slag from ferro operations, blow cinder from bessemer 
converters, and high- and low-grade manganese ore. The usual 
practice is to use domestic low-grade manganiferous ores. 

Since there is no column of ore in the furnace stack to be 
reduced, the ascending gases pass out containing from 7 to 
12 per cent. more carbon monoxide than that from ordinary 
blast furnaces and a net B.T.U. value about 30 per cent. 
higher than the average of Northern furnaces using Mesaba 
ores and consuming two thousand pounds of coke per ton of 
iron, and 10 to 15 per cent. richer than Southern furnaces 
operating on local hard red hematites and using twenty- 


_ eight hundred pounds of coke. There is no chemical reaction 


on the steel scrap in the upper sections of the furnace; how- 
ever, the heat transfer is sufficient to reduce the top gas tem- 
peratures to approximately one half of that of gases from 
usual Southern practice. 

A furnace of the cubical contents given by Mr. Miller, and 
using 100 per cent. of local hard red hematites, produces 
about 225 gross tons of iron daily. The same furnace, operat- 
ing on all steel scrap, with added slag forming constituents 
sufficient to yield 800 pounds of slag per ton of metal, will 
produce 450 to 500 tons, or approximately twice the output 
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secured from ore. With ample provisions made for filling and 
means for casting and handling the product, a production of 
550 to 600 tons could be secured. 

During a recent operation, covering forty days, Mr. Miller 
has shown an average coke consumption of 1045 pounds per 
ton of metal. This we believe is a representative average of 
the many compaigns on this product. Theoretical calcula- 
tions indicate that a ton of this iron should be produced 
with approximately 600 pounds of coke, with a slag volume 
not exceeding 500 pounds for each gross ton of metal. With 
a coke not exceeding eight-tenths of 1 per cent. sulphur, the 
slag volume could be carried within the above limit and yet 
secure an iron uniformly low in sulphur. With better pre- 
pared scrap, average blast heats of 1400° F. and a low-sulphur 
coke, it is believed that a ton of this iron could be produced 
with less than 700 pounds of coke. 

Assuming the value of steel scrap to be equal to that of 
local pig iron, the total cost of bessemer iron made from 
scrap is considerably less than the delivered price of bessemer 
pig, or the cost of iron made from imported low-phosphorus 
ores. 

The percentage of scrap charged into the open-hearth 
furnace per ton of ingots produced in this district is con- 
siderably less than in some of the other districts where the 
straight open-hearth process is employed, since more than 
75 per cent. of the total steel ingots manufactured are from 
Duplex operations. This makes available sufficient scrap for 
the production of the necessary tonnage of iron to meet the 
needs of the open-hearth for ingot moulds, and all necessary 
low-phosphorus iron castings for all divisions of the Company. 

The method is practical and in the Birmingham District, 
economical. For the past twelve years, all of the Tennessee 
Coal, Iron & Railroad Company’s requirements for low- 
phosphorus metal have been met with an iron made by this 
‘process. A total of about 200,000 tons has been produced, 
with no serious difficulties encountered in furnace operation 
and control. 

In a district where low-phosphorus ores are not available, 
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or where the cost of such ores is prohibitive, the development 
of this process provides a means of manufacturing from 
materials available an iron having all the requisite qualities 
necessary to the purposes for which a high-grade bessemer 
pig iron is used. 


Mr. E. A. 8. Clarke, Secretary of the Institute, resumed 
the chair. ; 


THe CHartrMANn (Mr. E. A. 8. Clarke): We are very 
grateful to the authors of these papers and the gentlemen who 
have discussed them. I just want to remind you all again, 
for your own convenience and to make things go smoothly, 
that it is very essential to be here early and in the banquet 
room at 7:15. We want everyone seated then, and I also 
wish to remind you that on account of the special arrange- 
ments for taking photographs of the dinner, due to the fact 
that Her Majesty, the Queen, arrives late, there must be no 
smoking until after the taking of the picture. 


EVENING SESSION 


At the conclusion of the service of the dinner an ' after the 
entrance of the Queen of Roumania and her entourage, 
President Gary proposed the health of the President of the 
United States, which was responded to by all the guests 
rising and singing the first stanza of ‘‘ America.”’ 

President Gary then proposed the health of the King and 
Queen of Roumania which was also responded to by the 
guests rising while Madame Alda sang the Roumanian 
national hymn. 

Juper Gary: During the morning session at this meeting 
we heard some very splendid papers read by gentlemen desig- 
nated to discuss scientific questions. They were remarkable. 
And*as usual, we will ask those gentlemen as their names are 
called to rise; this will amount to an introduction and ap- 
proval on your part of the great work which they have done; 
this is the way we honor them. The Secretary will call 
their names. 

Mr. E. A. S. Cuarxe: Mr. F. N. Speller, Metallurgical 
Engineer, National Tube Company, Pittsburgh, Pennsyl- 
vania, who read a paper on the Corrosion of Structural Steel. 
(Applause.) 

Prof. C. A. Adams, who read a most interesting paper on 
the Welding of Iron and Steel. (Applause.) 

Mr. F. M. Gillies, who read a paper on Plate Mills— 
Recent Developments and Tendencies. (Applause.) 

Mr. A. N. Diehl, who read a very valuable paper on the 
Action of Sulphur in Basic Open-hearth Steel Practice. 
(Applause.) 

Mr. A. W. Smith, who read a paper on the Use of High- 
Manganese Basie Iron and Manganiferous Ores in Open- 
hearth Steel Practice. (Applause.) 

Mr. E. K. Miller, who read a paper on the Production of 
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Low-Phosphorus Pig Iron in the Birmingham District. 
(Applause.) 

Jupen Gary: Judge Kavanagh of Chicago, who has been 
on the bench thirty-one years in succession, twenty-eight of 
them in the City of Chicago, has consented to come here 
tonight and speak to us. He is a distinguished judge, a fine 
citizen, one who has established himself in Chicago as one 
of the leading jurists of this country. I said something about 
him this morning at the meeting, and it will not be necessary 
to repeat it. There is not time for the Chairman to occupy 
any time in speaking this evening. 

I now have the pleasure of introducing Judge Kavanagh. 
(Applause. ) 

JuDGE KavanaGH: Your Masbate Judge Gary, ladies 
and gentlemen: It is a great honor for me to be permitted to 
address this assemblage. This assemblage itself is typical of 
our country; it represents the energy, the self-sacrifice, the 
industry that counts for success. There are a thousand men 
here in this audience, each the owner of wealth which, twenty- 
five years ago, would have been considered almost wonderful. 
And the wonderful thing about this assemblage is that this 
congregation of phenomenal success represents men who, 
when they started, started without a dollar in their pockets. 
No other country in the world would afford such opportunity. 

You know better than I know, that the estimated wealth 
of the United States is $353,000,000,000. In 1912 it was 
$88,000,000,000. No nation in all the history of the world has 
ever been so wealthy. Not only that, but the wealth is dis- 
tributed. Ours remains still the land of miraculous oppor- 
tunity ; the dreams of the conquistadores find their realization 
in the United States. } 

There are three classical reasons for lawlessness: poverty, 
illiteracy and intemperance. We are the richest country in 
the world. If we except the uneducated who come from 
abroad and the uneducated negro of the South, illiteracy 
here is less than in any other country in the world. Without 
any discussion of our prohibitory laws, there is less drunken- 
ness in the United States than in any other country in the 
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world. Our attitude towards foreign countries remains the 
same as it was at the day of the organization of the Republic. 
The flag of Washington still covers us. It is the same in 
spirit, purpose, and endeavor today as when it floated from 
the mastheads of the ‘‘Chesapeake”’ and the ‘‘ Constitution, ”’ 
while the waves ran red below; it is the same glorious banner 
that the soldiers of Scott and Taylor carried through the 
bloody passes of Cerro Gordo, and flung at last in triumph 
from the battlements of Chapultepec. It is the great emblem 
of peace which floated over—yes, let us not with false mod- 
esty belittle the glory of our country’s sons; let us claim that 
which is our own—that floated over the two greatest soldiers 
of modern times at Appomattox, Ulysses S. Grant and Robert 
E. Lee. (Applause.) It is the same great flag which Roosevelt 
guarded with his knightly sword up the hill at El Caney; 
which your sons and brothers caught up only yesterday and 
bore across dangerous seas and carried laughing through the 
storms of shot and shell up to the blazing mouths of the 
cannon; dyed its folds a deeper crimson with their young 
hearts’ blood and with their expiring souls lent a new and 
tender glory to the eternal splendor of its stars. It is our own 
great unequaled banner. And yet, today, it floats over a 
black paradox. 

It is too bad to thrust a serious countenance on this scene 
of gladness and festivity. But the opportunity offered by this 
great conference can not be wasted. Let us not shrink from 
speaking the truth even in the presence of these distinguished 
and gracious guests. We are the most lawless and the most 
law-ridden country in the world. Let us consider the tre- 
mendous facts. 

Every forty-four minutes in this nation there is some 
human being sent to an untimely death at the hand of an 
assassin. According to reliable statistics there were 12,000 
assassinations in this country last year. Can you visualize 
that? 12,000 human beings either unlawfully killed or killed ~ 
while they themselves were performing unlawful acts. And 
the year before there were 11,500, and the year before that 
11,000, and every year through ten years not less than 9,500. 
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In other words, in this land of crowded schoolhouses, teem- 
ing prisons and forested with church spires, in ten short 
years more than 100,000 of our fellow citizens have perished 
by poison, by the pistol or the knife. 

What are we going to do about it and who is responsible 
for this situation? Well, not you or I. Don’t you think it 
may be a matter of climate? It is like the sun, the kindly sun 
that blazed today; it is like the snow of last winter which 
came without our aid and will stop without our help. Ah, is 
that so? 

There is a country to the north of us, just separated from 
this country by an imaginary line; its people speak our 
language; they have common religions and common. tradi- 
tions. In Canada they have 13 homicides every year for 
every million of their inhabitants. We have 110. In England 
they have 9 each year for every million of their inhabitants. 
We have 110. In Germany before the war they had 5 for 
every million of their inhabitants and we had 100. And you 
know how on the Continent they speak with scorn of poor old 
Italy, call her the birthplace of the stiletto. In Italy they 
have 16 for every million of their inhabitants and we have 110. 

I am asking you tonight, the powerful men.of this nation, 
is it any wonder that we are gathering upon our heads the 
accumulated scorn and contempt of the civilized world? 
(Applause.) Do you realize how our prison population has 
been increasing? Well, listen to these crimson figures: in 1850 
we were the most law-abiding people on earth. We had a 
population of 23,000,000 and only 7,000 in all our prisons. 
Today, 163,000 tortured human beings crouch and cower 
behind the steel walls of our prisons. We have increased since 
1850 in general population five times; we have increased in 
the number of our homicides fifteen times. We have increased 
in our prison population twenty-one times. What is the 
matter with us? What ails us? In God’s name, what ails us? 
Are we a dishonest people? No. One would be cheated five 
times in the shops of Rome, or Berlin, or Paris, or London to 
once in the shops of New York, or Chicago, or any other 
American city. Are we lovers of injustice? Above all things, 
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not that. From a thousand battlefields the spirits of our 
heroic dead spring upward through billows of earth rolled up 
by the winds of death to protest most of all against that. 
Notwithstanding the magnitude of their wars abroad, let it 
be written and proudly remembered that no nation in ancient 
or modern history has paid the same price in blood and treas- 
ure for mere ideals of justice that we have paid. (Applause.) 
We are not lovers of injustice. 

Well, then, what does ail us? It seems to me that one must 
go just an inch or two under the surface of human nature for 
that. In Canada or in England or on the Continent, when one 
is tempted to commit a crime, he realizes if he does so the 
chances are 76 in 100 that he will be caught and punished, 
and so he turns aside from the temptation and the crime 
remains uncommitted. Is there any mystery why there were 
only forty-two persons presented for murder in England and 
Wales last year and it is estimated there were 12,000 homi- 
cides in this country? Why, no mystery at all; it is as clear 
as daylight. 

In England and Wales, when a man contemplates whether 
he shall kill another, he knows if he does so that within six 
or seven weeks he himself will climb the gallows’ stair and die 
for his crime, and so he lets the other live. In this country, if 
aman is deliberating whether he shall kill another, he realizes _ 
while he is deliberating that the chances are 6 or 7 to 1 that he 
will never be arrested, 12 to 15 to 1 that he will never be con- 
victed and 110 to 1 that he will never die for his crime—so 
he kills the American. That is the only reason. 

Who is to blame for it, what is to blame for this situation? 
I do not know what you think of the present Chief Justice 
of the Supreme Court of the United States when you think 
of him as a politician, but I do know what you think of him 
as a judge. He is a great judge and a profound student of 
public affairs. He said not long ago, and I repeat his words; 
I would not dare say it on my own responsibility, but he said: 
“The administration of the criminal law in this country is”’ 

—now mark his words—‘‘is a disgrace to civilization.” 
(Applause.) 
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And who is responsible, who first: of all is responsible for 
this? Let the truth be told. We, the judges on the bench and 
the lawyers at the Bar? Ah, no one stands ahead of me in 
admiration of my profession. I was born into my profession. 
I believe with Mr. Justice Brewer: ‘‘Wipe from American 
history the achievements of the American lawyer and you rob 
that history of half its glory.” It was a lawyer’s hand and 
none other that wrote the Declaration of Independence. It 
was the hands of lawyers and not others that lifted into place, 
stone by stone, that immortal, that incomparable fabric, the 
American Constitution. And another thing, forgotten, but 
which I am proud to call to your attention: in the War of the 
Rebellion it was the lawyers of this country who officered the 
volunteer forces of the country. Their genius saved this 
nation; their swords defended it. Today in every community 
they captain every movement really worth while. Three- 
fourths of our presidents have been taken from that small 
profession. And how do they attain to this eminence? You 
give it to them. You go into your lawyer’s office and leave 
in his keeping your fortunes, your character, your property. 
You never think of asking him for security. No other pro- 
fession is so trusted, and not once in ten thousand times does 
he betray his trust. No other profession is so faithful to 
its trust. 

All this I say to you with pride and pleasure tonight. But 
I come to you tonight with this warning; I come to you to- 
night with this plea. The lawyers of the country in the legis- 
latures of the country will not reform the law. Not only that, 
but the lawyers in the legislatures of the country, if they can 
prevent it, will not permit you to reform the laws—the crimi- 
nal laws of this country. (Applause.) 

The great leaders of the Bar have prepared a program, 
and this is what I wish to propose, and that is why I have 
taken this trip from Chicago, to advise you that the American 
Bar Association and the leaders of the American Bar are not 
strong enough to put over this program of reform, but the 
responsibility is on you, on you, on you, and you, and unless 
you add your influence to this effort to wipe out the disgrace 
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which afflicts our country, the effort this winter and next 
winter is going to fail. 

Now then, who else is responsible? You. I want to ask you 
gentlemen, who have been so ready to applaud me in abusing 
my own profession, how have you helped to sustain the laws 
of your country? What have you done when they were 
assailed, for example, in this one thing, this one all important 
thing, in jury service? 

Let me tell you, I who have served, as your distinguished 
presiding officer has told you, thirty-one years on the bench, 
and I have also put on my uniform and followed my country’s 
flag when it went into danger, as one of its soldiers—I tell 
you that there is no service which can be performed in time 
of peace of like dignity, of like importance as that of jury 
service. (Applause.) Oh, I know that maybe you did serve, 
and I can hear what you said to your wife when you started 
for the courthouse. You said, ‘‘Mary, do you know what 
I have got to do? I have to drop everything and go down to 
that blamed courthouse and serve on the jury. But don’t let 
them bring any criminals before me, Mary,” you said.‘‘ You 
know what I would do to criminals. I would like to have 
them bring a burglar before me.” Your first case was on a 
burglary charge. You had imagined that a burglar was about 
6 feet 4 inches tall, with bushy black whiskers. It was some- 
thing of a shock to see a slip of a young fellow 19 or 20 years 
of age come and sit at the prisoners’ table. His face was white 
with the prison pallor. You pitied him. You saw an old 
lady with a shawl about her head, and you realized she was 
his mother, and you sympathized with her. Then the poor 
fellow whose house has been broken into went on the witness 
stand, a bit confused and embarrassed. Oh, you should hear 
the attorney for the defendant as he proceeded to shout his 
cross-examination against that witness until presently the 
poor fellow on the witness stand began to wonder whether he 
was on trial for breaking into his own house or whether the 
man down there at the table was on trial. And then came that 
last plea for mercy. “Mercy, gentlemen. Pity, gentlemen. 
Give him one more chance. You are going home to your 
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happy families. Don’t have to think of this poor fellow you 
left here in his prison cell. For God’s sake let him go home 
with his mother.” Though you knew he was guilty, you 
found him not guilty. What was the consequence, gentle- 
men? What did you do? Remember your oath was to follow 
the law and the evidence. You betrayed the law, you en- 
couraged crime. Ah, gentlemen, the technicalities of the law 
have done much to bring disrespect upon the law, but I tell 
you, representatives of these great industries, I warn you 
that the greatest tragedies of injustice, those which have 
done most to kill the fear of the law in the hearts of wicked 
men in this country, have been these weeping, mawkish, 
sentimental verdicts from jury boxes. (Applause.) If you 
gentlemen had gone into the jury box and performed your 
duty, as they do in other lands, without regard to whom 
it hurt or whom it helped, this awful record would not have 
been written. 

Now one other reason: It is a distressing thing, an un- 
pleasant thing to bring these home matters of ugly import 
into the presence of our distinguished guest, but this audience 
furnishes too valuable an opportunity. There is one other 
deep reason why the law fails. I am not offering this reason 
because I hold any commission from my church or in my life 
to preach sermons. I am telling you as a criminologist that 
one great reason the law fails in this country arises from the 
fact that the people of the country are losing their touch 
with Almighty God. In the countries where the churches 
are full, the prisons are empty; and in the countries where 
the prisons are full, the churches are empty. I wish to put 
this question to each one of you? Do you realize that your 
little boy and your little girl think you are the wisest man 
that ever lived? Of course they are young and they will get 
over it, maybe, but they think so now. I want to ask you how 
often you have taken your boy aside or your little girl and 
told them of your belief in Almighty God? You know, they 
are going to remember through all their lives what you say 
to them about a thing like that. How often have you quietly 
pointed out to them their need for His direction and for His 


486 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


care? Whoever respects the laws of God will respect the laws 
of man; whoever loses respect for the laws of God will 
disrespect the laws of man. 

One other thought: The way to teach respect for your 
country’s law is to teach in your own home respect for your 
law, the law of the mother and the law of the father. I have 
lived a long time and I never yet have seen a disobedient boy 
who grew into a successful man. I have lived a long time and 
I never yet have seen a disobedient girl who grew to be the 
successful queen of a happy home. Oh, the home, the home 
is the foundation of all, after all. I go to the prisons. I was 
in one of the great prisons a year ago talking to a young man 
who was to die the next morning in the electric chair. He was 
a handsome young fellow, 28 years of age; it was a world’s 
pity. And just to test him, I said to him, “If you had one 
wish tonight that could be granted and it was not life and it 
was not freedom, what would it be?’”’ He turned and spoke to 
me quickly, not in these words but in substance, ‘‘ You know, 
sir, this is not my real name. My people will never know what 
became of me. I was born and reared on a farm near Cleve- 
land, Ohio. I ran away from home when I was 18 years old. 
The night I ran away from home I had a little baby brother 
who was sick, so they kept a kerosene lamp burning all night 
on the table. It was just 2 o’clock when I carried my little 
pack out with me. I looked into my brother’s room and he 
was asleep in bed. I looked in my sisters’ room and the two 
little girls lay curled up on their pillows. I looked into my 
parents’ room and I saw my mother’s gray hair and my 
father’s white face on the pillow beside her, and then I went 
out into the night.” And so strange is human nature, that 
this man who was to die within a few hours stopped to smile 
at a quick coming recollection. He said, ‘‘You know, the 
mist lay heavy on the pasture and I stumbled over a cow. 
Up on the hill I turned for a last look and there beyond the 
mist I could see the lamplight shining through the window 
of my home. Oh, sir, at this hour, at this minute, that light 
is shining there through the mists about my home. If I had 
one wish that could be granted and it was not life and it was 
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not freedom, it would be to go and stand outside of that 
window for half an hour—they would not see me, sir—and 
look in on those I loved and lost so long ago. I think, if I 
could do that, I could go into that terrible chair tomor- 
row morning and close my eyes and smile myself into 
forgetfulness. ”’ 

Oh, gentlemen, don’t you see it is the home, the home 
after all. And the human heart, when stripped of its illusions 
and fronting the realities of life and death, flies like a swallow 
to its nest, back through the intervening years to its child- 
hood home, to its father’s side and its mother’s knee. 

Now that is a serious word to have thrust before you. I 
have done it at the invitation of my distinguished and loved 
friend, Judge Gary, this man who typifies as well as any other 
man among our one hundred and ten million the best kind 
of American citizenship. (Applause.) His, the warmth of 
heart, the steadfastness of purpose, the patriotism that never 
wavered and never failed, the charity that covered all failure 
of others and all faults which came in his way; the courage 
that fought through obstacles almost without number up to 
the high place he occupies in the hearts and in the admiration 
of his fellow citizens. (Applause.) I came at his bidding to 
say this serious word to you. If my word has been too serious 
on this occasion, he must share with me the responsibility 
for it. 

I have hesitated the more because we are in the presence 
of this gracious and queenly lady, who is your guest, and who 
in her own high purposes, in her own person and in her 
own life typifies the highest and serenest kind of beautiful 
womanhood. (Applause.) There is something greater than 
being a queen, and she isthat, too. She is a queen in that other 
thing, a splendid, perfect, gentle-souled, large-minded, warm- 
hearted woman, a faithful wife, a most devoted mother. 
(Applause.) And I am sure that I interpret the feeling of 
all this nation towards this lady; not because of the office or 
the crown she wears upon her forehead, but because of the 
crown that is upon her life and in her heart. For these things 
we bid her the heartiest welcome. 


488 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


JupGE Gary: We shall have the pleasure of again listen- 
ing to Madame Alda, prima donna of the Metropolitan Opera 
Company. (Applause.) 

(Madame Alda then sang an aria from ‘‘Madam Butter- 
fly”’ and followed it with an encore.) 

JupGEe Gary: We have known Hugh Morrow of Birming- 
ham, Alabama, as a great lawyer, as an eloquent speaker, as 
a high type of citizen, and most of you perhaps know that he 
has now become the president of the Sloss-Sheffield Steel and 
Iron Company of Alabama. We have persuaded him to come 
here tonight and talk to you, and we will let him speak for 
himself. It is my pleasure to introduce Mr. Morrow.. 
(Applause. ) 

Mr. Hucu Morrow: Your Majesty, Judge Gary, mem- 
bers of the Institute, ladies and gentlemen: I know that all 
of you are sorry now that Judge Gary made a mistake this 
morning when he said that Madame Alda would sing while 
the speeches were being made. (Laughter.) 

I shall not devote much of your valuable time to the 
endeavor to thank you for this great honor, Judge Gary, for 
I feel that were my time unlimited I could but feebly express 
to you my real appreciation. 

When I realize that the post of danger to which you have 
elevated me has heretofore been occupied only by distin- 
guished men and women of this and foreign countries, and 
when I think of the wonderful address to which we have just 
listened with interest and pleasure, I feel very much like the 
young law student in Alabama who handed in a hopelessly 
deficient examination paper in pleading, and on the bottom 
of his paper he wrote this pledge, ‘‘I have neither given nor 
received any help on this examination, but God knows I 
needed it.” (Laughter and applause.) 

Mr. President, I am unable to offer any justification for 
my selection, unless it be that in your wisdom you thought it 
proper that the rowdy element of the Institute should have 
some representation at the speakers’ table and, therefore, you 
cast about and picked Chicago and the South as the most 
fertile field from which to make your choice. (Laughter.) 
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When I received your kind invitation it was but a part of 
my nature to want to accept it, but I fear lest I was swept off 
my feet by the dreams of being able to stand even for a brief 
period before the greatest body of business men in the world. 
I had not given due consideration to the great responsibility 
that was implied by the invitation. A Kansas editor sums up 
my predicament something like this: ‘‘When I gaze upon the 
wall at my grandfather’s sword, I just want to go right out 
and fight; but when I think of his wooden leg, I cool right 
down.”’ (Laughter and applause.) 

Judge Gary suggested ‘“‘The Rehabilitation of the Great 
South” as a suitable subject for me on this occasion. And 
being always thoughtful of the welfare of the members of this 
Institute he remarked, ‘‘I expect you to cover that subject 
fully in twenty-five minutes.”’ Well, with this kind of an 
impossible prescription I feel not unlike the sick colored man 
in Mississippi, who had hesitated a long time before consult- 
ing a doctor. Finally his wife persuaded him to go and see a 
doctor. He said, ‘‘Why, there isn’t a bit of use. He will 
prescribe something that I can’t take or that I won’t like.” 
She said, ‘‘Well, you go. You are on your deathbed now. 
Save yourself.’”’ So he went and came back and she said, 
‘What did he do for you?” “Oh,” he said, “‘Just like T told 
you, I can’t do what that doctor tells me.” ‘‘Why?” He said, 
‘“‘That doctor done put me strictly on a chicken diet and said 
I couldn’t go out at night.”” (Laughter.) 

But I have not told you the whole story. The limitation 
of twenty-five minutes was later on amended so as to read 
fifteen minutes. (Laughter.) This limitation compels me to 
omit many interesting things relating to the South. (Re- 
newed laughter.) In fact I cannot touch upon prohibition, 
(laughter), and I must dismiss that question by asking, what 
chance is there for prohibition anywhere, so long as one class 
fixes the dry laws and another class fixes the dry agents? 
(Laughter.) 

And I might further add, seriously, what chance has pro- 
hibition so long as neither class, save through the circuitous 
route of conspiracy, has seen fit to make it unlawful to buy 
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as well as to sell? I observe, however, that most of my friends 
both in the North and in the South have a growing tendency 
to mind their P’s and Q’s (their pints and quarts) as never 
before. (Laughter and applause.) 

I am also shut off by the limitation placed upon me from 
discussing the question of evolution (laughter)—a subject 
that is no longer discussed in the South. (Renewed laughter.) 
Borrowing the story from a southern Senator, it was settled to 
the satisfaction of all by the negroes of Alabama, who met in 
all denominations and after spending a whole day in listening 
to arguments pro and con, appointed a committee on reso- 
lutions whose report back to the convention was as follows: 

‘“‘Resolved, first, that God made the negro. 
Resolved, second, that all those white folks that 
think they come from monkeys is right about it.”’ 
(Laughter.) 

But seriously speaking, and reverting to the serious sub- 
ject that has been assigned to me, the limitation not only 
impels me to refer rather freely to my manuscript, but also to 
warn my hearers that when they read my remarks in the 
records of these proceedings they will find that I have re- 
sorted to the time-honored ‘‘ Congressional leave to print.” 

A brief historical reference to the old South, the colonial 
days, is important in the beginning in order to shed proper 
light on the subject of my remarks, ‘‘The Rehabilitation of 
the Great South.”” In those early days the South was pre- 
eminently industrial. It led the nation in the manufacturing 
enterprises. So reliable an authority as Swank says, in his 
‘History of Iron in All Ages,”’ that the pioneers of the South 
‘“‘were born with a genius for iron making.’’ We are told that 
Virginia mined the first coal that was produced in this 
country, and history shows that George Washington’s father 
was a miner of iron ore, which he hauled to a furnace in the ° 
neighborhood. The Carolinas, Alabama and Tennessee soon 
caught the gleam of the spirit of Virginia and pig iron fur- 
naces were built and operated in the early days in those states. 
Alabama’s first pig iron furnace was built as early as 1818, 
which was a year before that state was admitted to the Union. 
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The Federal census of 1810 showed that the manufactured 
products of Virginia, the Carolinas and Georgia exceeded in 
value those of New York and all the New England states. 
Contrary to the general belief that the early South was 
strictly an agricultural region, there were produced in 1790 
only 4,000 bales of cotton. At that time, work of separating 
cotton seed was done by hand at the slow and tedious rate of 
one pound of lint cotton per day. In 1795 Eli Whitney, a na- 
tive of Massachusetts, and a graduate of Yale, while living in 


_ Savannah, Georgia, invented the cotton saw-gin. The next 


year’s yield of cotton was five times greater than the year 
before, and by the year 1820 the annual crop had grown to 
300,000 bales. Whitney’s invention ultimately had a profound 
influence in shaping American industrial, economic and social 
history. His invention for a time caused the South to turn its : 
attention away from industrial pursuits and devote itself 
mainly to the growing of cotton. This was extremely profit- 
able, and besides adding enormously to the wealth of the 
cotton growing region, it finally reached a point where cotton 
almost dominated the financial life of this country and of 
Europe. McCullough, the English historian, tells us that the 
development of cotton growing in the South “‘saved England 
from financial collapse after the Napoleonic wars.’’ 

While the large profits in cotton temporarily weaned the 
South away from industry, yet after 1840 there came a 
renewed interest in industrial enterprises. In 1850 the New 
England and Middle States had over 2,000 miles more rail- 
road mileage than the South, but in 1860 the South’s mileage 
exceeded those sections by over three hundred miles. The 
decade ending with 1860 also witnessed great progress in the 


-South’s development of diversified manufactures. 


A comparison of the wealth of some of the States, as of the 
year 1860, is highly interesting. The South in 1860 had nearly 
40 per cent. of the value of all real and personal property in 
the United States. The per capita of wealth in the South at 
that time, omitting the slaves, was nearly twice as great as in 
the New England and the Middle States. The census of that 
year showed that the assessed valuations of property of the 
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small state of South Carolina were greater by $68,000,000 
than the combined values of Rhode Island and New Jersey. 
Georgia’s values in 1860 were greater than the combined 
values of Maine, New Hampshire, Vermont and Rhode Is- 
land. The census for the same year showed that, in the 
assessed value of property per capita, South Carolina was 
third, Mississippi fourth, Louisiana sixth, Georgia seventh, 
Florida ninth, Kentucky tenth, Alabama eleventh and Texas 
twelfth. It is surprising to note that New York at that time 
ranked twenty-second and Pennsylvania thirtieth. 

Some reference to the Civil War and its aftermath is neces- 
sary, at this moment, to enable one to visualize the great 
economic transformation that has taken place in the South 
since that momentous struggle. First, let me say that there 
is no one in the whole country that regrets the result of that 
war. Henry W. Grady, many years ago, justly reflected the 
true sentiment of the thinking people of the South when he 
said, ‘‘We all rejoice that human slavery was swept from 
American soil and the American Union was saved from the 
wreck of war.”’ 

I also rejoice with you, this evening, to say that this na- 
tion is more united in heart and hope today than ever before 
in its history. The honor of our flag is as dear to the sons of 
the South as of the North. The ideals and achievements born 
of that great struggle and strengthened by the recent World 
War have made this the greatest nation on earth. We cannot 
forget that we were 


‘One people in our early prime, 
One in our stormy youth, 
Drinking one stream of human thought, 
One spring of Heavenly truth.” 


But no one who was far removed from the environment 
can realize what happened to the South during the four years 
of tragic war and the ten years following it. Economically, 
as well as politically, the South was prostrated when her 
armies surrendered. She emerged from the conflict a bank- 
rupt; her institutions in ashes; her farm lands laid to waste; 


AFTER-DINNER ADDRESSES—MORROW 493 


her blackened chimneys but mute reminders of splendid 
homes. Her sons returned home to find the political fran- 
chise conferred upon an ignorant mass of people who could 
neither understand nor appreciate it. White carpet baggers, 
taking advantage of the situation, came down solely for the 
purpose of plunder. The misrule of their régime seriously 
affected economic conditions. Taxation rose rapidly and the 
public debts of the Southern states were enormously in- 
creased. The public debt of Alabama in 1860 was five million 
_ dollars. In 1874 it was thirty millions. South Carolina’s debt 
was six millions in 1868, and five years later was forty mil- 
lions. Arkansas’ debt was increased five fold, Louisiana’s ten 
fold and Texas’ three fold. In 1874 ten Southern states owed 
$292,000,000, while the entire public indebtedness of all the 
other twenty-seven states in the Union did not exceed this 
amount. These unfavorable conditions bore heavily upon a 
desolated country. The census of 1870 reflected the striking 
change which took place in property values during the pre- 
ceding ten-year period that included the war. The South’s 
property had declined approximately two billions of dollars, 
while property values in the rest of the country had increased 
by over fifteen and three-quarter billions. The per capita 
wealth in South Carolina, which in 1860 had ranked third, 
dropped as low as thirtieth in 1870. Mississippi dropped from 
fourth to thirty-fourth; Georgia from seventh to thirty- 
ninth; Kentucky from tenth to twenty-eighth; Alabama 
from eleventh to forty-fourth. Other Southern states had 
suffered accordingly. 

I have invited your attention to these facts in order that 
you may have a clearer view of the scene that surrounded the 
heroic men who turned their faces toward the sun, letting the 
shadows fall behind them, and with the light of hope in their 
lustrous eyes, determined to redeem the South from the mis- 
rule of the carpet bagger and rehabilitate her from her ex- 
treme poverty in order that they might see her rise to the full 
height of her strength and independence. 

The burden of organizing a new system upon the ruins of 
the old was made more difficult through loss, by war, of many 
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of its leaders, and by the migration of many of its inhabitants 
who, utterly despondent over the future, moved to other 
sections of the country. Statistics show that five million 
Southern born whites left the Central South between 1865 and 
1900. The recovery of the South from her condition of finan- 
cial ruin, in the face of this tremendous drain on her wealth 
and human resources, is one of the marvels of community 
achievements and probably stands unparalleled in the history 
of the world. Her most immediately available resource look- 
ing to a recovery was agriculture, which kept her pulse beat- 
ing until she could adjust herself to the new order of things, 
and within the relatively short period of ten years the annual 
growth of cotton was back to the point at which it had been 
in 1860. 

By 1880, through the energy and virility of her own people, 
the South had re-possessed the reins of local government, and 
built up a new social system. This accomplished, gave her 
opportunity to look again to industrial pursuits, not for the 
purpose of supplanting agriculture, but to supplement it in 
her tedious climb up the rugged road to success and pros- 
perity. Her vast natural resources had not been scratched. 
Many years ago these resources were aptly described by the 
Hon. William D. Kelly, then known as the ‘‘Father of the 
House of Representatives” and sometimes known as “Pig 
Iron Kelly,” by reason of his devotion to the protection of 
pig iron. After an extensive trip through the South for the 
purpose of making a careful study of its resources, he wrote: 


“The development of the South means the enrichment of the nation. It is 
the most glorious country upon which my feet or eyes have ever rested. It is to 
be the coming El Dorado of American adventure. The states south of the Ohio 
and east of the Mississippi, with their half-million square miles of area, contain 
a wealth great enough for a continent—a wealth so vast, so varied in its ele- 
ments and character, so advantageously placed for development, that these 
states alone can sustain a population far greater than the population of the 
United States today. 

“T do not consider that there ever existed in the West, great as its wealth 
is, nor in any other portion of the country, anything like the natural wealth of 
the South. A very large part of the South is blessed with a climate unex- 
celled, if equaled, elsewhere in the world. As to the mountainous region of the 
South, it is richer in natural wealth and in advantages for development of that 
wealth; it has a finer climate, better water, and higher condition of health 
than any other region of which I have any knowledge, and is, withal, one of 
the most beautiful regions in the world.” 
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Abram 8. Hewitt, one of the foremost citizens of America 
in his day, in speaking of these resources, also said: 


_ “‘Every element for success exists in the South—in raw material, in climate, 
in the natural forces of nature, and above all, in an abundant supply of labor. 

There is no corresponding region on this: habitable globe which has so 
many advantages as the South, all available by natural or artificial communica- 
poe and capable of more economical operation than in any other part of the 
country. 


And in addition to this he suggested that: 
“The South will become the garden of the world.” 


The prophetic visions of these great men are ripening 
into actualities. Listen for a few minutes to the story of 
the South’s progress! The history of its life, beginning with 
the sixties, like the history of nearly all great lives, is but the 
story of a struggle. It is a record of a life that begins in hard- 
ship and ends in splendor. 


“For Heaven is not gained by a single bound. 
We build the ladder by which we rise 
From the lowly earth to the vaulted skies 
And mount to its summit round by round.”’ 


Lack of time compels me to omit entirely many important 
events in the fascinating story, and forces me to hurry 
over in a most general way the factors to which reference 
will be made. 

You will observe, from what has already been mentioned, 
that the economic life of the South swung, as it were, as a 
pendulum first from industry to agriculture; and that, at the 
beginning of the war between the states, the pendulum, 
though headed back in the direction of industry, was halted 
because the South ‘‘for a decade or more, on account of lack 
of credit and capital, was reduced to the necessity of agricul- 
ture, lumbering and primitive activities yielding large ton- 
nage, large values, but small profits. During the same period 
the Northern states, with both capital and credit at their 
disposal, expanded their manufacturing plants to supply the 
needs of the Northern, Western and Southern States.”’ 

Gradually, capital found its way into the South, and with 
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its influx, the pendulum began to swing back towards indus- 
trial enterprise. The South today occupies a unique position 
as compared with the rest of the country, in that it might be 
rightly called an ‘‘agrico-industrial’’ region. Its remarkable 
growth is attested by the significant fact that in forty-two 
years, or from 1880 to 1922, the estimated true value of all 
the property in the South, as compiled by the United States 
Census, increased from $9,177,000,000 to $71,375,367,000, 
which is $27,733,000 more than the total wealth of the entire 
United States in 1880, and is 80 per cent. of the total wealth of 
the United States as late as 1900. The wealth of the South 
now is four times as much as it was in 1900. It is no misnomer 
to apply the term ‘‘agrico-industrial”’ to the South, because 
it partakes largely of both, and conditions for the diversifica- 
tion, growth and development of both are not equaled by any 
other section of the country. In 1925, the South on less than 
35 per cent. of the country’s total crop acreage produced 
crops valued at 38 per cent. of the total value of all crops pro- 
duced in the United States, and at the same time her manu- 
factured products exceeded those of New England. The 
census of manufactures of 1923 shows that the great indus- 
trial region of New England turned out only 68 per cent. of 
the value of the South’s manufacturing that year. In the race 
between agriculture and industry for supremacy in the South, 
it would seem, offhand, and without proper analysis, to be an 
even contest between the two. They both enjoy the same 
excellent climate—a climate that furnishes a frostless period 
ranging from 210 days in middle North Carolina to 330 days 
in Florida, as compared with the climates in the Northwest 
where the frostless periods are limited to 100 to 150 days. 
They both draw from the same two splendid sources of labor, 
the native Anglo-Saxon and the negro. And in passing let me 
say that while both regard the negro race as an asset rather 
than a liability, as some have erroneously thought, yet both 
agriculture and industry rely on the homogeneous white 
population of the South for its permanent stability and suc- 
cess. The South is Anglo-Saxon to a greater extent than any 
other section of the world. The entire South has but 8 per 
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cent. of foreign stock against 48.2 per cent. in the rest of the 
country outside of the South. By foreign stock is meant the 
foreign-born white population and the children of a foreign- 
born father or mother. General Grant, whose opinion was 
later shared in by President Roosevelt, said that this nation 
would ultimately lean upon the pure Anglo-Saxon blood of 
the South to preserve our form of government from the influ- 
ence of those who are alien to it in thought and word. 

In the race for supremacy in the South, both agriculture 
and industry profit alike from the $316,000,000 that is spent 
* annually in the South on highway work, which amount is 
about one-third of the annual total highway expenditure of 
the country. 

Progress in medical science, which brought about the 
eradication of the hook worm, the cattle tick and the malaria- 
bearing mosquito has enured almost alike to the benefit of 
agriculture and industry. And yet, if we decide the contest 
upon a value basis in dollars, we must award the race at the 
present lap of the journey to industry. For the reason that 
the gross value of the South’s agriculture in 1925 was $5,855,- 
000,000, while the value of its manufactured output alone in 
1923, including the value produced in its mines and quarries, 
was $10,500,000,000, or almost double the annual value of 
the South’s agriculture in the year 1925. In the friendly con- 
test each have resorted to diversification. The South is no 
longer an immense cotton field. The boll weevil forced upon 
the reluctant farmer a diversification of his crops, and in 1925 
the acreage devoted to corn, wheat and oats represented 41 
per cent. of the crop acreage, as against only one-third of the 
crop acreage devoted to the growth of cotton. Despite the 
recent blow of the ‘‘ Price Slump” from which it is now stag- 
gering and holding on, as it were, to the ropes ‘‘to save the 
count, ’’ some one has laconically said, ‘‘Cotton must be king 
again! Not cotton in the fields, but cotton in the mills.” It 
may be interesting to note that although the value of the 
South’s cotton manufactures in 1923 was 52 per cent. of the 
country’s total, yet it represents only 14 per cent. of all 
the manufactured goods which the South annually produces, 
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thus showing without doubt that diversification is practiced 
in Southern industry as well as in agriculture. While the 
South manufactures approximately one-fourth of the wooden 
furniture produced in the United States, yet its two major 
manufacturing activities, textiles and woodworking, account 
for less than 16 per cent. of its total industrial capacity, 
leaving over 84 per cent. spread among iron and steel making, 
cement, mining, shoe manufacturing, clothing and many 
other industrial activities. 

The South is now producing about one-half of the lumber 
cut of the country; 98 per cent. of the country’s bauxite and 
barytes, 45 per cent. of the country’s asphalt, 35 per cent. of 
the coal, 42 per cent. of the feldspar, 37 per cent. of the fluor- 
spar, 93 per cent. of fuller’s earth, 40 per cent. of the graphite, 
all of the ilmenite, 44 per cent. of the lead, 28 per cent. of the 
lime, 40 per cent. of the calcareous marl, over 60 per cent. of 
the mica, 62 per cent. of the natural gas, 99 per cent. of the 
carbon black, 70 per cent. of the natural-gas gasoline, one- 
half of the petroleum, 99 per cent. of the phosphate rock, all 
of the titanium mineral (rutile), all of the sulphur, and 54 per 
cent. of the zinc. The total value of mineral products in the 
South in 1924 was four times the value of its output in 1910 
and over ten times its value in 1900. In 1900 it produced 11 
per cent. of the country’s total value of mineral products, 
which increased to 18 per cent. in 1910 and to over 28 per 
cent. in 1924. 

The history of the development in the production and 
sales of pig iron and steel in the South is closely interwoven 
with the economic progress of the South. Probably 98 per 
cent. of the pig iron made 30 years ago was shipped out of the 
South and melted north of the Ohio and Potomac rivers. 
Today, approximately 85 per cent. of the foundry iron is 
melted in the South. Happily, for the country at large and 
for the South especially, the United States Steel Corporation 
acquired, at a momentous time in 1907, one of the first steel 
plants of the South. It was the dawn of a new era for industry 
in the South. This plant exported during the ten year period 
ending in 1924 over 1,600,000 tons of steel products and 
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during the same period increased its production by 243 per 
cent. Equally important with its success in a material way 
has been its splendid contribution to the health and content- 
ment of its 23,000 employees, many of whom have been 
trained by it and have never worked elsewhere. 

The progress of the South in industry may be further 
measured by the growth of its power development. Time 
will not permit me to enlarge upon this, except to say that 
the recent South has been aptly called the ‘‘Child of the 
Electric Age.’’ The growth in electric energy supplied by pub- 
lic utility plants in five southern states in 1925 was approxi- 
mately 2,470 per cent. of the amount supplied in 1912. It is 
estimated by excellent authority ‘‘that in another ten years 
the electric power needs of Alabama alone will be 5,800 per 
cent. of the amount supplied in 1912.” 

Fortunately along with the material growth referred to, 
the conscience of the South has kept pace with its progress. 
It can be fairly said that the South is now making progress in 
public education, in proportion to its wealth and population, 
to a greater extent than any other section of the country. In 
1924, according to preliminary biennial figures issued by the 
United States Bureau of Education, the South spent nearly 
$365,000,000 for public education. This sum is three and 
one-half times the amount the South spent in 1914 and 70 
per cent. more than the United States spent for similar pur- 
poses as late as 1900: 

Let me transgress your patience long enough to say here 
that all the Southern states, so to speak, have gotten out of 
the legislative woods. Its legislative defects were temporary 
and curable. The South maintains a permanent and inde- 
structible front in the belief that equality before the law is 
fundamental to the real happiness and true success and pros- 
perity of this country. It will always be in eternal enmity 
with arbitrary power and will be the last to forsake the doc- 
trine of State’s Rights. I trust you will pardon a brief ref- 
erence to my native state, Alabama. The administration of 
Governor Brandon has witnessed perhaps the most tranquil 
four years the state has ever had. Tax assessments on prop- 
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erty have not been increased except to take care of added 
improvements and developments. The aggregate assessed 
value of these improvements and developments amount to an 
increase in the last four years of over $160,900,000. Public 
education in Alabama received $19,000,000 more than any 
previous four years. The State Highway bonded indebted- 
ness has been reduced by $2,000,000 in anticipation of matu- 
rity. None of Alabama’s bond issues during that four-year 
period have sold below par. There has not been a lynching 
during the four years. There has not been a mob. There has 
not been a serious strike on the part of labor. The militia has 
not been called out for any purpose. Alabama has no State 
income tax, no inheritance tax. In short, Alabama is an 
inviting place in which to live and prosper and incidentally 
an economical place in which to die. Her doors of weleome 
and those of the entire South are swung wide open to all 
those who wish to live or invest within her borders and join 
in the development of her great resources and share in her 
happiness and prosperity. 

In conclusion, let me voice the South in paying a brief 
tribute to one whose friendly interest in its development is 
attested in many ways. Communities and organizations 
differ as do individuals. Just as there is a dominant note in 
the life of every individual, so there is a dominant note in the 
life of every community and every organization. Ancient 
Tyre for instance was a city of commerce; it cared for the 
bodies of men. Ancient Athens was a city of learning; it 
cared for the minds of men. Ancient Jerusalem was a city of 
religion; it cared for the souls of men. If I were called upon 
to name the dominant note in the life of the American Iron 
and Steel Institute, I would unhesitatingly say that it was 
character and service as exemplified by your President, Judge 
Gary, one of this country’s purest patriots and greatest 
intellects. There is scarcely a page of this Institute’s history 
in which his features are not imaged. On another occasion 
it was my privilege to say of him that the poem called ‘‘The 
Bridge Builder” suggested his life to my mind and so im- 
pressed me that I committed it to memory. It reads like this: 
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“An old man going a lone highway, 
Came at the evening cold and gray 
To a chasm, vast and deep and wide. 
The old man crossed in the twilight dim, 
The sullen stream had no fear for him. 
But he turned when safe on the other side 
And built a bridge to span the tide. 

‘Old man,’ said a fellow pilgrim near, 

‘ You’re wasting your strength in building here. 
Your day will end with the closing day. 
You never again will pass this way. 
You’ve crossed the chasm deep and wide 
Why build you this bridge at evening tide?’ 
The Builder lifted his gray old head, 

‘Good friend, in the path I’ve come,’ he said, 

‘But there followeth after me today, 
A youth whose feet must pass this way 
This chasm that has been naught to me 
To that fair youth may a pitfall be, 
He, too, must cross in the twilight dim, 
Good friend, I’m building this bridge for him.’ ”’ 


The policy of the organizations of which he is the head is 
building not only for today in industry, but for tomorrow and 
for evermore, and in no humble way it has helped to span the 
chasm which was once ‘‘vast and deep and wide” between 
employer and employee; between governmental authority 
and industry; between the people at large and capital, until 
today it can be fairly stated that there is a better and more 
cordial relation and a more friendly understanding between 
and among all these, than there ever has been during any 
period in the history of the whole world. For inestimable 
service we render him homage. Voiced in a syllable, the 
country’s verdict is “‘Well done.” 

I thank you again for the great honor that this opportu- 
nity has afforded me. 

Jupge Gary: Madame Alda. 

(Madame Alda then sang ‘‘ Way Down Upon the Suwanee 
River,” followed by an encore.) 
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Jupce Gary: In this hall we have entertained many of 
the very great figures of different parts of the world. So far as 
I remember, they were all men, only men. Tonight we are 
greatly honored by one of the most distinguished women in 
the world today. (Applause.) And we are very grateful. She 
is highly respected, admired and loved all over the world; 
as I think, largely if not principally, because of her splendid 
qualities of brain and heart. If anyone should ask us our 
opinion we would say we love her most because she is 
herself. (Applause.) 

She asked me what she should speak about tonight, dis- 
claiming that she is a public speaker. (Laughter.) I was rude 
enough to refuse to answer the question, because I wanted 
to answer for you as well as for myself. We would like most 
of all to have her speak of herself, of her King, of her country 
and of her people. 

I told you something of her this morning; but I found 
you knew all about her history. You know how she stood 
and worked and fought for her soldiers during the war; how 
in the midst of strife and suffering she walked the streets, 
she traveled the country, she bound up the wounds of the 
soldiers; and she ministered to the sick. She established her- 
self in the hearts of the people of the world as being a woman 
ready to sacrifice herself for the benefit of others. And no 
wonder that she is proudest of her soldiers, of her men, her 
women and her children, for she considers herself with her 
husband responsible for their welfare. 

We are grateful for, and very highly honored by the 
presence of this lady this evening. 

With her permission I now present you to Her Majesty, 
Marie, Queen of Roumania. (Applause.) 


Her Majesty, Marre, Queen or Roumanta: I hope 
you will hear my voice. I have talked already three times 
today, and I have a cold in the bargain. 

When I said I was coming to America, Americans said to 
me, ‘‘When you are in America they will ask you to talk.” 
I said, “But I have never talked in all my life.” They said, 
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“Well, the Americans will teach you to talk.”’ (Laughter.) 
So here I am, astonished at my own self to be amongst you 
this evening; that is not so astonishing perhaps, except that 
I am alone, of my kind, at this table; but the astonishing 
thing is that I should have the courage to get up and talk. 

I think it is the wonderful reception that the whole of 
America—lI can say the whole of America, though I have not 
traveled very far yet—has given me and still promises me, 
which gives me the courage to stand up like this, quite simply 
and utterly unprepared, to talk to you. It would perhaps 
seem presumptuous if I did it with any other feeling than the 
feeling that you want me to. (Applause.) 

I began my life like any woman, with very little idea 
of what life would really ask of me. I remember how, when 
I was quite young, I used to consider myself very stupid. 
I was one of four sisters, and sisters certainly do not allow 
you to have a very big opinion of yourself. I began in a for- 
eign country, at an early age; I did not know much about it. 
I can say that I started my life with the courage of the inno- 
cent, rather like I stand before you this evening, again with 
the courage of the innocent, not knowing really what I am 
going to tell you. (Laughter.) 

Then I remember one Roumanian lady, a very clever 
woman, who was severe, and not always very amiable; but 
the things she said generally remained in my mind. One day 
when I was being just comfortably stupid she turned to me 
and said, ‘‘ You know, that is pure laziness. It is too comfort- 
able to be stupid. Give it up and try to do your share of work 
in the world just like anybody else.” I did not exactly know 
what my work was going to be. I began by being a wife, and 
a mother. I had six children. That seemed something to do. 
(Applause.) I tried to bring them up with more or less success. 

As you all know, I have had a great grief in my life—and 
you all wonder about it. I have not come here to talk about 
that, but it has been a grief. So I have had my share just 
like anybody else, of good and bad days. 

Now I stand here in America, where I always wanted to 
come. For eight years steadily I have been asked by big and 
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small, by men and women, of different classes, to come. There 
was so much to do at home, it was very difficult to be allowed 
such a long holiday. It seems far to come across the ocean, 
even if you do not perhaps travel very much longer than you 
do in a train when you go from Constantinople to England; 
but when you hear that you are going over the ocean it seems 
to those who live upon the Continent rather far. But then, 
I had the feeling that, as the American people were continu- 
ing to ask me to come, perhaps it was the time to come, be- 
cause it gets rather tiresome to hear always that a person is 
coming, and she does not come. So I said, “I better make up 
my mind and come when you want me.” So the King with a 
certain amount of, I will not say regret, but with difficulty, 
agreed to give me the inside of three months so that I should 
come and see the American people. Now I am here. I think 
I have only been here four days, or how long have I been 
here? It seems to me I have already done so much that I 
have been here a month. And to show how unexpected it is, 
the thing that I am doing, I am talking to a roomful of men 
with a woman’s voice, already tired, and with a cold. 

You want me to talk about myself. That is generally a 
thing that most people like doing. (Laughter.) In fact, my 
family pretend that I talk about myself too much. (Laughter.) 
Well, if I talk about myself today, it is about myself in con- 
nection with my country. In fact, nowadays I can hardly 
imagine myself without my country. It was a woman, a 
country woman of yours, who once said to me, ‘‘When are 
you going to lay down your crown?” I looked at her with a 
certain amount of astonishment, and I said, ‘‘Why should I 
lay down my crown?’ She said, ‘“‘Don’t you understand 
what a wonderful gesture that would be; don’t you see how 
the whole of America would say, ‘What a wonderful thing 
_ that woman is doing, she is laying down her crown’?”’ I said 
to her, “That is a very new idea to me, that you would con- 
sider it such a wonderful thing if I should lay down my 
crown.’’ Perhaps we do not consider a crown quite the same 
thing. If, for instance, in the middle of a stormy sea the cap- 
tain of a very big ship should say, ‘‘I am no more captain, I 
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think it is too much honor for me,” I think that he would not 
be doing his duty; I think that all those on board would 
come to him and say, “‘ Why are you giving up your job before 
you have finished it?’ I used the word “ job” because I 
think you say “job,” don’t you? (Laughter and applause.) 
Perhaps we call it a career. (Laughter.) Anyhow, nowadays, 
we all talk about what we have got to do and give it a name. 
So the lady began to see that perhaps it was not such a very 
fine thing to take off a crown—which I have not got on to- 
day—lay it on the table and say, “I have had enough of it; 
I am such a fine woman that now I think I will be better 
without a crown.” We do not look at it like that because, 
you see, just as you have presidents in your countries—or 
some of them—we have queens and kings; we all take 
ourselves more or less seriously and think that we have some- 
thing to do. 

Well, after that lady told me I was not stupid and that it 
was laziness to be stupid, I began to think about just doing 
my share, but I never knew the time was coming when I 
really would have something very important to do. Life was 
pretty comfortable. We got along somehow. I was always 
physically courageous and I had excellent health and spirits, 
too, which I think makes life pleasant. While people used to 
think in those days that I was fond of amusing myself, as I 
suppose I was just like anybody else when young, inside me 
I always knew that when the time came I probably would be 
able to do something. It just depended upon what there was 
to do; an occasion would probably present itself in some sort 
of way, shall I say to manifest myself before my people, as to 
what I could do for them. 

The old King and Queen were very remarkable rulers, so 
when I was young, I just had to look on and see them rule. 
I learned many a lesson at that time. I went through rather 
strong discipline. I was not allowed to travel. I was kept at 
home when people needed me—or didn’t need me—because 
that was what was called discipline. 

As you Americans seem to like funny little stories, I am 
going to tell you a funny little story. It is a real story. 
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In the time of old King Carol I was as I tell you, seldom 
allowed to travel, though I had come from far England, and 
I was very homesick and wanted to get back to the countries 
I had known before. At that time Edward was King and 
Alexandra was Queen. She was very fond of me, and was a. 
very kind aunt. There are kind aunts and aunts that are less 
kind, but Queen Alexandra was an exceedingly kind aunt. 
She thought a little holiday would do me good, so she asked 
me to come to London during the season and be with them 
for a little holiday. I rejoiced at this enormously, and it was 
all arranged that I should go and pay a visit to the King and 
Queen of England. As it happened that year we had a very 
bad year, because we are an agricultural country as you know, 
and it was very dry; it did not rain, in fact, at all; therefore, 
the harvest was compromised already in the early months of 
the year. I had been preparing to go, with great joy, to visit 
my uncle and my aunt. 

When the terrible moment came that I had to try and 
fix dates, which I always find the most difficult thing in fam- 
ily life, I went with fear and trembling to the old King, and 
I said, ‘‘ Will you allow me to go,”’ on such and such a date; 
I will not say what date it was, but it was in the middle of the 
summer, because the season in London is in the summer. 
The old King said, ‘‘ No, this is quite impossible. You cannot 
go abroad this year, because we are going to have a very bad 
crop, therefore I will not have it said that my niece is prome- 
nading about, enjoying herself whilst the country is going 
through a bad time.’’ This shows you that the discipline 
was great and that we were not supposed to amuse ourselves 
when other people were perhaps going to be hungry. 

This conception of an agricultural country seemed strange 
to Queen Alexandra. My sister was in London at that time. 
Now I am coming to the funny part of my story. She, of 
course, really in comparison to my life in a small country, 
had had a comfortable time. So when she heard that I could 
not come in answer to the invitation and have a little fun in 
England, she thought it rather strange. I had to explain I 
could not, because it was so dry this year—not Sdrywian 
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your way, but in another way (laughter)—it was so dry in 
Roumania that my old uncle, the King, thought it was not 
the time for the Crown Princess (in those days) to go and 
amuse herself. 

Queen Alexandra listened to that; she was rather deaf, 
and she had a funny little way of talking; so she looked at my 
sister and said, ‘‘What! Not allowed to travel because it is 
dry, it has not rained in Roumania?”’ My sister said, ‘No, 
the King does not think that my sister should travel in a year 


. when it does not rain.” “Oh,” said Queen Alexandra, “‘I do 


not quite understand. What do they expect of her?” And 
she had a funny little way of putting it—‘‘Do they expect 
her to walk about with a watering pot?” (Laughter.) That 
was the different conception, you see, of a big country as com- 
pared to a small country; because a king of a small country 
builds all the time, while the king of a big country, which is 
already built, so to say, has not the same obligation with the ~ 
watering pot. (Laughter.) That was the sort of discipline 
that I had when I was young, and always I was waiting for 
an occasion where I could manifest myself. As it was not 
possible to water all Roumania with a watering pot, some 
other occasion would have to present itself to show that I 
was worth while. 

In 1913, you will all have forgotten, probably, that we 
were engaged in what we called the First Balkan War. Al- 
ways at the bottom of my heart I am gay, I have a great love 
of horses, I rode rather well; my people were rather proud of 
me as a good rider. It did not do anybody any particular 
good except myself, but I knew inside of me that when the 
time came I could go out and ride and do it well. In 1913 
suddenly my chance came to show my people that I could 
do something for them—something I mean that the eye 
could see, because of course I had been doing things all the 
time that they could not see. The Roumanian Army in 1913 
went into Bulgaria to stop the war; that is to say, we marched 
into Bulgaria. I suppose none of you will really know—it is 
too long to explain the whole thing—but the Bulgarian had 
turned against the Serbian that he had been fighting with and 
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was now firing against an ally of yesterday. Then the King 
of Roumania said, “It is time to finish this war. Roumania 
will mobilize and march into Bulgaria to fight if the Bulgarian 
will fight.”’ The Bulgarian did not fight; but we threw our 
bridges over the Danube and walked across and occupied 
certain points in Bulgaria, and they did not put up any 
resistance. 

But though we did not at that moment fight we brought 
back a terrible scourge with us, and that was the cholera. 
Queen Carmen Sylva of whom you have heard a lot, and who 
was a very wonderful woman, was already old at that time; 
so I was asked, would I go and inspect the hospitals? I said, 
I would, certainly, with pleasure, though I do not know much 
about hospitals, or did not then. I went down all around the 
Danube to inspect the hospitals, without the intention of 
really remaining there. I found that cholera had come across 
from the Bulgarian side with the troops we were bringing 
home. Cholera is a very horrible illness to see, because it 
makes you very panicky, and death is very quick. It is one 
of the scourges that I think is vastly difficult to face, for 
nerves. It is perhaps not as dangerous as the black typhus, 
which we had during the war, but it manifests itself much 
more violently. 

When I came down there I found it was panicky—that is 
the word. I always had steely nerves which shows itself 
today, that I am standing here talking to you. Suddenly I 
felt, “‘Now is the moment to be able to use those faculties 
which have been given to me, which the comfortable life did 
not require of me,’’ and I decided, if everybody was losing 
his head, I would myself take over the camp, where they had 
put the people with cholera. Of course there was a great deal 
of opposition. They said, ‘‘ You are a mother of six children. 
You are our Crown Princess. You are the future of the coun- 
try.”’ They did not think perhaps it was quite the right thing, 
that the Princess should offer herself in a cholera camp. But 
I have found when I want to convince people I generally have 
words. I said, ‘At this moment there is needed a person who 
has a certain amount of authority and who has the nerves, 
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who can go and pull things together.’”’ So I went down to the 
cholera camp under very difficult conditions. You in Amer- 
ica, except those of you who have lived quite in the wilds, 
cannot imagine the difficulty of certain conditions in our 
countries, which are still rather poor. I went and took over 
this cholera camp. I remained there not much more than two 
weeks I think, but anyhow just enough to see them through, 
because those who did not die more or less recovered. 

That suddenly established me—how shall I say—that 
established me in the hearts of my people, that I should have 


‘gone down myself, into the cholera camp; which mainlyshows 


they thought that a big feat fora woman. It was not particu- 
larly so for me, because I am not frightened by illness. I have 
a sort of feeling that either I am going to live or die and that it 
is not in my hands, so what is the good of just staying at home. 
That was the first time I came in contact with what we call 
ugly reality. I had never seen anybody die in my life, but 
there I saw them die in hundreds. I had them buried. What 
the Roumanians were very grateful for afterwards—for 
they do not like to be buried all in one grave—was that I 
saw that each man should have his own grave and that they 
should not be piled up together. Then, we Roumanians think a 
great deal of the services that you read for the dead; it means 
a great deal in our religion. So I used to have-all of these ser- 
vices read over the dead. And, all of a sudden, when I came 
out of this, I found myself a heroine. (Applause.) 

That was rather a nice beginning. I suddenly felt pleased 
with myself, but I had not realized I was doing something 
they thought was a rather fine thing to do. That was in 1913. 
We were very near the big war. When the moment of the big 
war came of course the whole of Europe was divided and there 
was the great question; on what side Roumania would go. 
That lies all behind us now and I think it is much too long a 
story to tell. Everybody went through his time; we went 
through ours; it was bad enough when the time came. The 
two years of neutrality were bad, because we were being 
coerced from one side and another. Russia was horrid to us, 
they were all horrid to us at that moment. I hate the war 
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still more, but it is very demoralizing to be neutral; when you 
are all in the fray, you behave yourself, but while you are 
being coerced, and having a lot of money promised you, you 
are not as nice a person at that point. Then came the war, 
which was very tragic for us; of which of course, to a certain 
degree, all of you know. 

The old King died in 1914, just after the war began in 
Germany and France. Other people have related that story. 
I am not going to tell it. Now we have put that all behind us, 
and I think all of us feel today that the one thing we have got 
to do is to build up again and to keep war out of the world as 
much as we can. (Applause.) 

Here in this room, sitting opposite me is a little nephew of 
mine. He is the son of my sister in Germany, so that he is my 
German nephew. Beside him is a very interesting man from 
Germany, Mr. Thyssen, who has come over to talk with you; 
and we are all friends. We were enemies once, but our quarrel 
was not of the kind that need remain in the world, nor was it 
a personal quarrel. Therefore, I think, today we all must for- 
get that there ever was a war, except that we are indebted to 
those who made such sacrifices, enemy as well as friend; and 
that if you stood up and did your duty toward your country 
and were beaten, it was infinitely worse for the beaten man 
than for the man who came out successful. I have always had 
a tremendous feeling for the man who has been beaten, that 
he must have his chance to rebuild himself again. Nowadays 
we must not think any more who was our enemy, and we 
must all consider that the world will be better for friendship. 
(Applause.) 

I, though a woman, little by little—I will not say with my 
own consent, but just because life does things to you which 
you do not expect, but which you must accept—have little 
by little been shoved forward—I cannot put another word 
for it—to take a position which I never dreamed I would 
take. That is to say, to a certain degree, the position of a 
leader, of one who has opinions of her own, of one who is not 
afraid of saying what she thinks. Of course when a woman, 
and especially when she is a Queen, comes out in public to 
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say what she thinks, or do what she feels, or carry through 
or give a new idea or step out of the usual lines of what, for 
instance in my case, queens have done, she stands up, so to 
say, with her life in her hands and must be ready to be 
attacked. 

IT remember a woman once saying to me when I was much 
younger, “‘I understand everything of you except your cour- 
age.”” I said, ‘‘My courage is not even courage, because it is 
natural. I am not afraid because I am not afraid.”’ And as I 
go out in the world, so to say, with my heart in my hand, I ex- 
pect each man to accept me for what I give of myself. Iam not 
trying to gain anything especially, except hearts. Perhaps that 
is arather weak thing, but that is the thing I like to collect. 

I have now come over to America, with the permission of 
my King, who could not come himself. He did not just exactly 
say to me, ‘‘Go and collect hearts,” because I do not think 
that would have been his way of expressing it; but he did say, 
‘‘Go and tell the Americans what we think of them, how 
much we believe they are going to do in the future, how much 
they have already done, what astonishing progress they have 
made in, after all, what we consider a short time; go and 
make them understand that our little country has its right 
to live, to grow, to progress; go and see for yourself the 
wonderful things they are doing. I would have loved to come 
myself, but both of us cannot go away at the same time; our 
country still needs its sovereigns too much.”’ 

It may seem strange to you perhaps that countries may 
need sovereigns, but they do. Just as much as you need a 
president, those countries need sovereigns. After all, we are 
a very democratic country, perhaps just as democratic as 
you, although the head of the State is called a King and he 
does not change every four years. In our country a change 
every four years would mean great perturbation. I do not 
know that it does here, but it would with us. So we are 
elected longer than for life, because we are expected to con- 
tinue after death in our children. It is a very respectable 
point of view, according to us, and perhaps one day you will 
understand so. 
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I begin to feel I have a mission in the world. Some people 
say to me that my mission goes beyond my frontiers. I con- 
sider that it is enough for me to try and build up a country. 
If I can do that I think I shall have lived sufficiently. But 
of course, nowadays no country really can exist without other 
countries. That is my feeling. What we need in the world 
today is the real feeling of peace and friendship. (Applause.) 
As long as we have not that we will never be able to build. 

You in America represent the great, immense power of 
money and energy. We in Europe at this moment are poor; 
but all the same, we have many things that we can still give 
to the American. You feel this; from time to time you must 
go across to Europe, because Europe represents an old civili- 
zation which has still much to give, though you could teach 
us probably very much in the way of efficiency. 

As a woman I cannot discuss finance, business or steel. 
It does not belong within my specialties. My specialties are 
peace and charity—well, all the things with which women 
have to do. (Applause.) 

I do think that it is very patient of you men here, such a 
number of men, listening to a woman talking probably about 
things that have nothing to do especially with your part of 
the world. I cannot help feeling that what I can do for my 
country is to make you all feel that we exist, to feel that you 
like that we should exist, to feel that my country, which is 
going to be one day a very prosperous country, is worth 
while; to feel that that country is a factor for peace, and per- 
haps ever so much more than you generally think. Because, 
if you think of our position on the map, you will understand 
why Roumania is an exceedingly important country for 
Kurope in general, let alone all the possibilities that lie on our 
ground and under our ground. Thinking alone that Roumania 
is the last bulwark between civilization and a country which is 
now in a state of horror, you will understand the importance 
of Roumania, you will understand why the King and I have 
not felt inclined to take off our crowns, perhaps with a pic- 
turesque gesture. There may be a day when Roumania will 
be able to get on without a king. On that day the King or I 
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would say, ‘‘ Thank you,” and we perhaps would have a very 
comfortable time in planting—not cabbages, I would rather 
plant roses. But that moment has not come yet. 

So the King said to me, ‘‘Go and gain the hearts of the 
Americans; tell them about our country, let them understand 
how we admire them, how we hope great things of them, how 
we hope that every day we will come nearer to the hearts of 
the Americans, how the friendship will be established in one 
way and in another by the women, by the men, by the mutual 

interests we have in each other.”’ 

; Here I am. I am getting tired, because I am not accus- 
tomed to talk. It only remains to me now still to say that I 
feel honored, flattered, and rather astonished that I should be 
standing before you, talking to a house of very important 
men, who do much more important things than I ever do, but 
who at the same time, have asked me to talk. Otherwise I 
would never have done so. 

I thank you for your patience, and I ask you to see in me 
one who loves what she has to do, that is to say, to build up 
a country which she hopes the Americans will one day under- 
stand really exists, and does not exist selfishly, but for the 
good of all the principles that we believe in today. 

I, as a woman, have been sent across, or allowed to go 
across the sea, with the idea that you should know me and 
know my country through me. It is that thought which I 
should like you all to keep in your hearts when I am 
gone; that I came here with what I call the courage of 
the innocent, to try and make you all understand that 
Roumania is my life’s work. I want you all to try and love 
my country through me, and when you have loved my 
country through me, one day perhaps you will love my 
country for itself. (Applause.) 


JupGEr Gary: I should like her Majesty to understand and 
to believe that all of us have been not only entertained but 
thrilled through and through by her presence and her words 
to us. It is half past eleven. Time has passed rapidly 
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(Judge Gary was here interrupted by many cries of 
“Schwab,” ‘‘Schwab.’’) 

JupGE Gary: Mr. Schwab. (Applause.) 

Mr. Scuwas: Your Majesty, Judge Gary, members of 
the Institute and ladies and gentlemen: Mr. Clarke promised 
me specifically this morning that I should not be called upon 
to speak if I came to pay my respects to our honored guest 
this evening. But, who, after twenty-five years association 
with you, could refuse the appeal of friendship and heart to 
say a few words upon this occasion? 

I cannot talk to you as I usually talk, in the language of 
the mill worker, and I do not need to tell you why I cannot. 
(Laughter and applause.) 

Your Majesty, I speak not for the heads of the great estab- 
lishments, but rather for the rank and file through which we 
have risen in this great industry; I speak for the hearts of 
the great multitude of people engaged in the active produc- 
tion of iron and steel; and when I say for myself I say for 
them, we never have listened to a more charming address 
than your Majesty has given the Institute this evening. 
(Prolonged applause.) — 

I should have been filled with fear if I had thought that I 
was going to speak before royalty, but after being seated by 
this fascinating lady this evening, but one thought came to 
me and that is that if any of you boys or I had been the King 
of Roumania, I doubt very much if we would have given 
our Queen in this person three months’ absence. (Laughter 
and applause.) 

You know Jim Campbell went abroad once and we gave 
him a great dinner in London at which Jim was seated next 
to a very distinguished Duchess. Jim didn’t know what to 
say. He saw everybody else talking, so he finally turned and 
said to her, like me in addressing your Majesty, ‘‘Madam, I 
don’t know what one ought to say to a duchess, but, by 
thunder, you look good to me.”’ (Laughter.) 

You know, boys, I have missed some of these delightful 
meetings. I am going to be serious for a moment. Her Ma- 
jesty may think that we are a lot of materialists and manu- 
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facturers of iron and steel; but truly and chiefly, and sin- 
cerely, here is a group of men who are filled with sentiment 
and love and loyalty and patriotism. The working of iron 
and steel seems to make men of iron and steel, men that are 
loyal to their friends, men that are loyal to their country, and 
men that are loyal to those whom they love, men who have 
been loyal to their guests of honor that they have honored 
here at the Institute. But of all the distinguished guests that 
we have honored, I make the prediction that none will have 
departed from these halls leaving such a lasting and favorable 
impression as you, your Majesty, have given to these men 
here tonight. (Applause.) 

You know, you have seen the better part, the polished side, 
through Judge Gary and the other eminent'speakers, and the 
Judge has tried to lend dignity and culture to this meeting 
by having the celebrated Madame Alda sing so delightfully 
for you. (Applause.) They showed their appreciation of her 
art, some of them sincerely and some not sincerely. Willis 
King, when he heard that exquisite aria, followed by my 
remarks, ‘‘ Willis, isn’t that beautiful? Now that is Puccini,” 


’ asked ‘‘ What mill does he rollin?’ (Laughter and applause). 


Madame Alda, you have graced this assemblage and given 
us that art and culture which most of us feel but seem unable 
to express in language as you have done in the delightful 
songs which you have rendered. 

Now, my friends, a word about myself. (Laughter.) 
Our honored guest sees how we love to talk about ourselves. 
I am going to speak seriously. I have missed you more than 
you have missed me—— 

(Cries of no, no.) 

One of the delights of my life has been for twenty succes- 
sive years, twice a year, to stand before you boys and renew 
my expression of love and admiration for my old associates. 
And, your Majesty, proud as the position which you occupy 
is, important as is your place in life, important as are the 
commercial developments that we have made in this country, 


when we have reached the age of the distinguished Chairman 


and myself, there is but one thing that counts and that is the 
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love and appreciation of those with whom one has been 
associated. I am one of the oldest practical steel men in the 
United States: nearly fifty years of service in iron and steel. 
But, the most prized possession in my life is our mutual love 
and admiration and the hope that that good fellowship, 
which has gone on for so many years, may continue to the 
end of our days. You are Bill, Dick and Harry to me, and 
you always will be. And while we honor our guests as we 
have honored the Queen of Roumania here tonight, don’t 
forget the old steel master, that despite his failings in other 
directions has always stood firm and fast in his affection for 
you, my friends. 

My voice breaks. Ibid you goodnight, your Majesty. I 
say goodnight to you, my friends. May I bespared to have 
the pleasure of attending these gatherings when I can tell 
you the stories and talk in the manner that is understood by 
mill men. (Applause.) 

JupGE Gary: We hope to have one more song, and we 
would like very much to have the Star-Spangled Banner, if 
it suits the artist. I want to enjoin upon you one thing: when 
we adjourn please keep your seats until after her Majesty © 
and her whole entourage have gone out of the room. » 

(Madame Alda then sang a ballad and followed it by sing- 
ing the first verse of the Star-Spangled Banner.) 

Jupa@e Gary: Goodnight. 
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*Platt, a 
Pleasance, 1 Hi: 
*Ployd, B 

*Plumb, phen R. 
*Plunkett, Pos 
*Poister, R.8. 


Prendergast, We: 
*Prentiss, George W. 


*Prescott, W. B. 
*Price, D. E 
Price, E. F. 
Price, J. M. 
*Priestley, W. J. 
*Prince, C 
Pritzy Ce Ge 
*Puening, F. 
*Pumphrey, E. D. 
Purcell, W. H. 
Purnell, Frank 


Queneau, A. L. 
*Quilter, Frank 
*Quinlan, W. 8. 
Quinn, Clement K. 


*Raleigh, Charles J. 
Ramage, William Haig 
*Ramsay, A. J 
*Ramsey, George 
*Ramsbottom, D. H. 
Rathbone, Richmond L. 
Rawstorne, C. D. 
Raymond, H. A. 


Reed, Walter 8. 
Reese, ‘ds 

Reeves, Samuel J. 
Reiber, J. Louis 
Reilly, W. C. 
*Reitler, Ivan 
Rennie, William 8. 
*Reynolds, T. 8. 
Richards, F. B. 
*Richardson, H. C. 
*Riley, J. Joseph 


Roberts, J. H. 
*Robertson, 
Wi. VOM. Je: 


Robinson, C. 8. 
*Robinson, Dwight P. 
Robinson, H. E. 
Robinson, T. W. 
*Robirds, E. E. 
Rodman, Clarence W. 
Roesch, J. A., Jr. 
Romeyn, Radcliffe 
*Root, Francis Jerome 


*Ross, William 
*Rowe, W. L. 
*Rowland, J. H. 
*Royer, Harry By 
Ruder, W. E. 
Rugg, D. M. 
*Runyon, R. E. 
*Russell, T. D. 
*Russell, W. A. 


; 
; 
| 
. 
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Schmid, M. H. 
*Schneider, F., Jr. 
*Scholl, Joseph A. 
*Schoonmaker, A. 
*Schrage, N. C. 
*Schultz, John A. 
*Schurch, J. F. 
*Schwartz, G. H. 
*Schwep, C. Frank 

Scofield, C. E. 

Scott, George C. 
*Scott, H. B. 

Scott, W. W., Jr. 
*Seaver, J. J. 
*Seeton, George W. 

Sells, G. W. 
*Shallock, Edward W. 
*Shaner, E. L 
*Shannon, R. W. 
Shants, G. T. 
*Sheesley, F. K. 

Sheldon, Samuel B. 
*Sherman, C. L 


Sias, J. M. 
*Sigafoos, M. H. 
*Sihler, E. V. 
*Simonds, D. R. 
*Simpson, K. 

Simson, George F. 

Sinclair, Duncan G. 

Sipe, D. T. 

Sites, F. R. 
*Skelly, J.T. 

Skinner, James 
*Skinner, M. G 

Sklovsky, Max 


*Skouja, H. C. 
Slater, J. A. 
Sleicher, C. A. 

*Sleicher, H. S. 
Slocum, Frank S. 
Smith, Austin D. 
Smith, Blaine 8. 

*Smith, David H. 

*Smith, Dudley J. 
Smith, Fred O. 

*Smith, H. G. 
Smith, Lewis R. 

*Smith, Montgomery 
Smith, S. L. 

*Smith, Theodore 

*Smyth, W. B. 

*Snellgrove, W. E. 

*Snodgrass, H. E. 
Snyder, H. S. 
Snyder, Q. 8. 
Snyder, W. T. 
Soden, C. P. 
Somers, Joseph T. 
Sparhawk, Edward M. 

*Spencer, M. P. 

*Sperling, George EH. 

*Sprague, F. K. 

*Sprong, J. White 

*Sproul, John R. 
Stafford, Samuel G. 
Stambaugh, H. J., Jr. 

*Stapleton, L. D. 

*Starbuck, R. D. 
Stebbins, H. 8. 
Steel, Charles C. 

*Steenson, W. J. 

*Stein, W. F. 

*Stephens, J. 
Stephenson, Bertram S. 

*Stetson, Henry T. 


*Stevens, Stoddard M.., Jr. 


*Stevens, W. J. 
*Stevenson, G. L. 
Stevenson, John H. 
*Stewart, A. A. 
Stewart, Hamilton 
Stewart, Peter 
Stich, George I. 
*Stich, George I., Jr. 
*Stoll, Howard 
Stoltz, G. E. 
Stone, E. HE. 
*Stone, Howard L. 
Stoop, W. J. 
*Stoppenbach, F. E. 
*Stout, E. C. 
Stratton, W. H. 
*Strauss, David 
Strong, James B. 
*Strout, Robert W. 
Sullivan, G. M. 
Sullivan, George R. 


Sullivan, W. J. 
Sully, R. A. 
Summers, Harry W. 
Sussman, J. L. 
Sutcliffe, Elbert Gary 
Sutherland, W. C. 
Sutton, J. Blair 
Swank, Ralph L. 
Swann, Theodore 
Sweet, W. A. 
Swindell, E. H. 
*Swortwort, E. W. 


Taylerson, Ewart 8, 
*Taylor, Carl D. 
Taylor, Clifton 
*Taylor, Joseph 
*Taylor, W. A. 
*Templeton, C. B. 
*Thatcher, Everett H. 
Thomas, C. E. 
*Thomas, Edward 
Thomas, George, 3rd 
Thompson, Edward D. 
*Thompson, Frank C. 
*Thompson, G. M. 
*Thompson, J. I. 
*Thompson, W. Paton 


Shor G.G 


Tiemann, Hugh P. 
*Tierney, J. T. 
*Tobin, C. Stuart 
*Todd, Charles S. 
*Tolan, Clarence, Jr. 
*Tovar, Guzman 

Towne, Thomas 

Townsend, A. J. 

Townsend, H. E. 

Trainer, W. B. 
*Trainor, Joe 

Tredennick, H. L. 
*Treharne, E. B. 
*Trench, C. 8. 

Trimble, H. N. 

Tucker, R. 8. 

Tutein, Dexter 

Tutein, E. Arthur 


*Ullmer, H. 
Uphouse, H. G. 
*Usher, H. L. 
Utley, S. W. 


*VanAckeren, J. 
VanCleve, A. E. 
*Vanderbilt, J. B. 
*Vander Pyl, C. A. 
*Vandevort, F. F. 
*VanHacht, H. A. 
*Van Vleck, W. H. 
*Vaughn, W. C. 
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Velte, Ralph C. 
*Voelker, J. A. 

Vogt, ‘Adolph W. 
Voigt, Paul F., Jr. 
Vosmer, William F. 
Voyer, L. J. 
Vreeland, George W. 


Waddell, J. D. 
Wade, F. A. 
Wagner, C. 8. 
*Wagner, E. J. 
*Wagoner, A. L. 
Wahr, H. F. 
*Wainwright, AS Li. 
*Waite, J. Russell 
Waldeck, Jay 
Waldo, Fred J. 
*Walker, G. B. 
*Walker, J. M. 
*Wallace, J. P. 
*Waller, Tu. 
*Wallis, W. B. 
*Walsh, Cor. 
*Walsh, Philip, 3rd 
*Walsh, W. G. 
Walters, F. W. 
*Walters, L. D. 
Walton, H. G. 
Bulges sa 


Ward, D 
*Ward, pee Ale 
*W 


Wardwell, A. H. 
*Warley, H. W. 
Warren, J. B. 
*Warren, N. W. 
*Washington, J. M. 
Waterhouse, G. B. 


Waterman, F. M. 
Watkins, William J. 
*Watson, G. E. 
Watson, Ralph H. 
Watson, W. E. 
Wayland-Smith, 
Richard 
*Wayne, Joseph A. 


*West, Harry J. 
*Wetstein, E. L. 
*Wetzel, J. E. 
*Weymouth, C. A. 
Wheelwright, 
Thomas 8. 
ake, Te A. 


*Whitehead, J. J. 
*Whiting, C. W. 
*Whitman, R. R. 
*Whitney, R. H. 
Whitworth, E. A. 
Whyte, George 8S. 
Wick, H. B. 


*Wiggin, Thomas H. 


Wiley, Brent 
Wilkin, John T. 
Wilkinson, H. 8. 


*Wilkinson, Oscar A. 


Willard, L. L 

*Williams, C. H. 
Williams, D. A. 
Williams, E. H. 


*Williams, H. W. 
Williams, Leonard W. 
*Williams, Ralph ig 
Williams, W. W. 
*Willitts, C. R. 
*Willy, Guy A. 
Wilson, Parker 
Wilson, Willard 
Winckler, E. E. 
Witherow, W. P. 
*Wolcott, D. 8. 
Wolcott, R. W. 
*Wolf, D. O. 
Wolhaupter, Benj. 
Wood, Charles L. 
Wood, Charles R. 
Wood, John T. 
Wood, Walter 
Woods, John E. 
Worrilow, W. H. 
Worth, E. H. 
Worth, W. A. 
Worton, 8. G. 
*Wright, Harry 
Wright, J. David 
Wright, S. D. 
Wright, William H. 
*Wyckoff, Russell 
*Wyzalek, John 


Yeates, ch ES 


Younglove, E. H. 


*Zabriskie, William F. 
*Zeigler, A. A. 
Ziesing, August 
*Ziesing, H. H. 
Zimmerman, R. E. 
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(* Guests) 


HER MAJESTY, MARIE, QUEEN OF ROUMANIA 
AND ENTOURAGE 


Her Majesty, the Queen of Roumania. 

H. R. H. Prince Nicholas of Roumania. 

Madame Irene Procopiu. 

Madame Simone Lahovary. 

M. Radu T. Djuvara, Chargé d’ Affaires. 

M. Constantin Laptew, Counsellor of Legation. 

Col. Athanasescu, Aide-de-Camp, Military Attaché. 

Lieut.-Col. Arthur Poillon, U.S. Military Attaché. 

Prof. C. Petresco. 

Mr. Ira Nelson Morris, Consul-General of Roumania in Chicago. 
Dr. T. Tileston Wells, Consul-General of Roumania in New York. 


GUESTS 


Dr. Jacob Gould Schurman, U.S. Ambassador to Germany. 

Hon, Marcus Kavanagh, Chicago, IIL. 

Judge Nathan L. Miller. 

Mr. Hugh Morrow, Birmingham, Ala. 

Mr. Dwight W. Morrow, New York City. 

Mr. E. T. Stotesbury, Philadelphia, Pa. 

Mr. Clarence H. Mackay, New York City. 

General Frank T. Hines, Director, U. S. Veterans’ Bureau. 

Major Omar W. Clark, Asst. Director, U. 8. Veterans’ Bureau. 

Col. L. G. Ament, U. S. Veterans’ Bureau. 

M. Andrei Popovici, Attaché Roumanian Legation. 

Major Radu Irimescu, Director, New York Branch, Banque Chriso- 
veloni of Roumania. 

Mr. William Nelson Cromwell, President, Society of Friends of 
Roumania, New York. 

Prince Hohenlohe-Langenburg, Germany. 

Mr. Auguste Thyssen, Germany. 

Count Eduard Oppersdorff, Germany. 


Abbe, Albert N. Alder; ti. 2. Arnold, L. L. 
Abbott, W. H. *Aldridge, J. E. Arthur, T. A. 
Abel, A. E. Allen, Henry Butler *Ashley, J. L. 
*Adair, Craig *Allen, P. B. Atwater, C. G. 
*Adams, C. A. Alley, James C._ Austin, H. L. 
Adams, E. M. *Alley, William R. Austin, Wm. H. A. 
Adams, F. Allyn, A. W. 
*Adams, J. R. *Alpaugh, E. R. Baackes, Frank 
*Adams, W. EH. *Alvarez, Charles N. *Bacon, W. B. 
Adamson, W. J. Anderson, Brooke Badlam, Stephen 
*Addams, Homer *Anderson, George Baily, R. M. 
Affleck, B. F. Anderson, Nils Baily, T. F. 
Agnew, John D. Andrews, J. I. Baker, David 


Alhbrandt, G. F- 
Akin, Thomas R. 


*Armstrong, J. B. 
Armstrong, V. C. 


*Baker, David, Jr. 
Baker, Hugh J. 
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*Baker, W. R. 
Bakewell, D. C. 
Baldwin, H. G. 
Baldwin, R. L. 


Balkwill, George W. 


Baltzell, Will H. 
*Banker, L. G. 
Banks, A. F. 
Barashick, A. 
*Barbour, James W. 
*Bare, Frank A. 
*Barkley, D. A. 
*Barnard, H. P. 
*Barnum, Ai ea 
Barren, H. A. 
*Barringer, E. C. 
Bartlett, L 
Batchelor, E. D. 
*Bateman, W. H. 8. 
*Baudin, V. 


*Beegle, C.H. 
*Beeman, M. A. 
Beemer, Frank 
Beeson, C. E. 
*Behrer, Arnold M. 
Bell, Frank lee 
*Bell, Frederic E. 
Benedict, HL 
*Bengtson, Pedy 
*Bennett, C. F. 
Bent, Quincy 
*Betts, Tv bes 


Blank L. E. 

Block, Pi 
Blowers, William B. 
Blum, Juli ius 
*Blum, ce 
*Blumenthal, Walter 
Bode, J. H. 
*Boeker, On BG. 


*Boisseau, Blair M. 
Boley, Ernst 
*Bond, F. A. 
Bonner, James B. 
*Booth, Harwell C. 
Booth, Lloyd 
*Booth, W. H. 
Bothwell, Walter J. 
*Bourke, TN. 
Boutwell, R. M. 
*Bowers, E 
*Boyd, James 
Boyd, Marcus 
Brace, Maxwell 
Bradley, Carl D. 
Bradley, Clinton S. 
*Bradley, Francis 
Bradley, H. 8. 
Bradley, John H. 
Braid, Arthur F 
*Bramley, M. F. 
*Brandeis, Eugene 
Brandler, Charles F. 
*Brangham, W. T. 
*Branston, G. G. 
*Breckenridge, H. L. 
*Breene, F 
*Breitung, Max 
*Bretland, C. W. 
*Brex, E. C. 
Brion, Lester 
Broden, E. H. 
*Brodhead, C. E. 
Brokenshire, E. L. 
*Bronson, Miles 
*Brooke, Frank 
Brotherton, F. C. 


Brown, Alexander C. 


“Brown, 

*Brown, E. Ww. 
Brown, Fayette 
Brown, Frank L. 


Browne, de Courcy 


*Browning, Gilbert J. 


*Browning, R. R. 
*Brudi, William 
*Brunke, C. H. 


Buffington, Dee 
Rha a Red: 
*Bull Be: 
*Bullen, ett 


*Bullenheimer, P. 
Burden, James A. 
*Burden, James A., Jr. 
*Burnes, Bed 
*Burroughs, W. W. 
Burton, Carroll 
*Bury, L. E. 

Butler, Gilbert 

Butt, Howard 


*Cairns, Edward 
*Callahan, J. J. 
Campbell, James A. 
Campbell, R. D. 
*Campbell, W. 8. 
Canda, Abeel 
Cannon, R. A. 
*Carbonnel, B. 


*Carroll, W. J. 
Carroll, Walter C. 
Carruthers, J. G. 
Carse, David B. 
Carse, John B. 
Carson, George C., Jr. 
Carter, Emmett B. 
*Case, E. W. 


Cebrat, Paul 
Chamberlain, A. H. 


*Chardan, M. 


*Chaseke 'W. D. 
*Clapp, R. C. 
Clark, Eugene B. 
Clark; E. F. 
*Clark, E. W. 
*Clark, FIED, 
*Clark, Kenneth L. 
Clark’ R. W. 
Clarke, E. A. S. 
*Claster, Joel 
*Claussen, J. A. 
*Cleary, W. B. 
*Clements, B. A. 
Cluff, Charles C. 
Clyde, W. G. 
*Coates, Frank R. 
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*Cobb, George W. 

Coburn, F. Ward 
*Codding, J. W., Jr. 

Cohen, Fred W. 

Colbert, C. F., Jr. 

Colladay, Frank H. 

Collier, John Z. 
*Colling, A. F. 

Collins, C. A. 
*Collins, C. I. 
*Condit, Bi. A:, Jr. 
*Cone, E. F. 

Coneen, A. M., Jr. 

Connell, Fred 

Connors, George W. 
*Connors, Geo. W., Jr. 
*Connors, T. J. 
*Cook, C. W. 

Cook, Howard H. 
*Cook, S. H. 
*Coolidge, G. G. 

Coons, Perry T. 
*Cooper, Clarence 

Cooper, 8. M. 

Corbett, W. T. 
*Corbus, Edward T. 

Cordes, Frank 

Corey, A. A., Jr. 

Cornelius, Henry R. 
Cort, S. J. 
*Cosgrove, W. H. 
*Cotsifas, D. D. 
*Cotter, Arundel 
*Cotter, W. E. 

Cowdrey, J. E. 

Cox, John L. 

Cox, W. Rowland 

Cox, Walter S. 

Craig, S. N. 

*Craig, W. W. 
*Craine, C. P. 
*Cramer, S. B. 

Crawford, George G. 
*Creem, D. J. 

Creighton, L. E. 

Crewe, L. C. 
Crispin, M. Jackson 

Crockard, Frank H. 
Crocker, George A., Jr. 
*Crone, John A. 
Crosby, F. B. 
Crotsly, A. W. 

Croze, W. W. J. 
*Cunningham, W. H. 
*Curl, Herbert 
*Curley, J. F. 
*Curran, M. D. - 
Custer, L. R. 
Cutler, W. C. 


Dalton, Ee G: 
Damerel, George 


Danford, M. E. 
Danforth, A. E. 
*Danforth, 
George L., Jr. 
*Daniels, C. M. 
Danner, George H. 
Darlington, Thomas 
*Darragh, C. D. 
Davey, A. I. 
Davey, Harold 
Davey, John 
Davey, Samuel 
Davey, W. H. 
Davies, Albert P. 


Davis, Edward L. 
Davis, G. L. L. 


*Dayton, C. H. 
*Deal, W. W. 
*Dean, C. R. 
*DeGroot, John 
Delaney, W. H. 
DeLano, 8. P. 
*DeLong, Stanley B. 
*Denholm, John A. 
*Denio, George L. 
*Denneny, George 
Dennis, M. S. 
*Desmond, J. K. 
Detmers, Arthur C. 
*Detweiler, W. F. 
*Deuchler, A. 
Deutsch, Lee 
Deutsch, Samuel 
*Deutschbein, H. J. 
Devaney, M. J 
Devens, H. F. 
Devens, Richard 
*Dewey, Victor F. 
*DeWolt, J. B. 
Dibble, Robert H. 
Dickerson, A. V. 
*Dickey, William C. 
*Dickinson, H. B. 
*Dickson, W. H. 
Diehl, A. N. 
Dietrich, Andrew J. 
*Dietrich, Clifford 
*Dietriches, Mr. 
*Digan, T. J. 
*Dillon, J. H. 
*Dillon, James J. 
Dillon, Sydney 
Dinkey, A. C. 
Ditto, M. W. 
*Dixon, Edward 


Dunsford, Jan a 
*Dunwoody, K. 


Easton, H. M. 
Eaton, C. 8. 
Eaton, Wyman . 
*Eberlin, Barnard 
*Hekfeld, G. C. 
*Edgcomb, H. L. 
*Hdgcomb, Leslie 
*Hdgerley,-W. H. 
*Edwards, C. S. 
Edwards, E. T. 
Edwards, Gordon L. 
*Hgan, R. M. 
Egbert, Justus 
*Hitel, William C. 
Ellicott, C. R. 
Elliott, C. H. 
Ellis, E. E. 
Emery, R. Edson 
Eppelsheimer, D. 
*Hvans, T. W. 
Everhart, W. H. 
*Exstein, H. L. 
Eynon, D. L. 


Fairbairn, C. T. 
*Faison, William A. 
Farkell, G. C. 
*Farmer, M. 
Farrell, James A. 
*Farrell, J. A., Jr. 
Farrell, J. J. 
*Farrell, W. K, 
*Faus, E. W. 
*Feeney, O. V. 
Fell, Charles 
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*Fentzke, Walter EH. 


Field, H. E. 
*Fielding, E. N. 
Filbert, W. J. 
*Finck, Elmer E. 
Fink, ‘George R. 
*Firth, Leg 


+f Hea M.C._ 


*Flannery, Dennis J. 


*Fleming, James 
*Fleming, R. D. 
Fletcher, John F. 
Floersheim, Bert 
Flora, A. N. 
Foege, W. H. 
*Foley, Eugene 
*Fonger, A. F. 
Forbes, W. A. 
*Ford, J. C. 
*Forgan, Donald 
*Forker, J. N. 
*Forrest, Andrew 
Foss, Feodore F. 
*Foster, D. G. 
Foster, Frank B. 
*Foster, Horace 
*Foster, R. L 
*Foster, W. H. 
Fownes, W. C., Jr. 
*Fradis, Herman 
France, Edward A. 
*Frank, B. 

Fraser, J. S. 
*Freeman, J. V. 
Frevert, H. L. 
*Fritz, Charles F. 
Frost, Frank R. 
SEry, la Be 

Fuller, H. Harrison 
*Fuller, Joseph 
Fulton, A. Oram 
*Furness, Radclyffe 


Gage, F. E. 
Galbraith, A. T. 
*Galbreath, W. W. 
*Galvin, Charles E. 

Galvin, J. E. 
*Ganong, Walter 8. 


*Garihan, Edward L. 


*Garland, C. 8. 
*Garlant, Mr. 
*Garrett, H. S. 
*Garrett, Paul W. 
*Garrett, R. M. 


Gary, Elbert H. 
Gates, R. M. 
Gathmann, Emil 
Gault, J. W. 
Gayley, H. Clifford 
Geissmann, Theodore 
*Gerow, C. C. 
Gerry, "Roland 
Gewecke, John H. 
*Gibbons, P. J. 
*Gibbs, C. C. 
Gibbs, E. Everett 
*Gibson, E. T. 
sGibson, G. RB. 
*Gier, J. W. 
Gilbert, H. T. 
Gillespie, Eh 
Gillies, F. M. 
Gillies, W. B. 
Gillispie, Robert W. 
*Ginn, Archie 
Gleason, W. P. 
Glenn, Thomas K. 
*Goedecke, Milton 
*Goff, J. Russell 
*Goldsmith, Arthur 


*Goodfellow, Arthur N. 


Goodhue, W. L. 
Gordon, F. H. 
*Gordon, R. L. 
*Gove, William G. 
Grace, E. G. 
Graham, C. J. 
*Grant, H. W. 
*Grant, A ee 
*Gray, 1D. G. 
Grayson, 8. A. 
*Green, J. W. 
Green, W. McK. 
Greenawalt, John E. 
*Greene, Benjamin PR; 
Greenstein, M. L. 
Greist, A. O. 
Gresham, W. B. 
Griffin, J. C. 
Griffith, R. E. 
*Griffiths, A. A. 
*Griffiths, Fred 
*Groff, G. Newton 
Gross, John M. 
ee eorke EE, 
Guba, P. M. 
*Guttzeit, C. W. 


Hackett, S. E. 
*Hagerman, E. A. 
*Haggerson, F. H. 

Haggerty, Frank L. 
*Haight, S. M. 
*Hall, Harry T. 

Hall, R. 8. 

*Hally Ti. 


*Halliday, W. J. 
Halstead, Kenneth B. 
Hamilton, A. K. 
Hamilton, Harold V. 

*Hamilton, Presley 

*Hamilton, R. E. 
*Hammond, H. 8. 
Hammond, James H. 

*Hammond, Bs 


Hanna, W. J. 
*Hannan, Frank T. 
Madras a 3 L. R. 
*Hardin, F 
*Harding, we N. 

Haring, W. 8. 

Harrington, J. T. 


*Harris, W. J. 
Harrison. Edwin W. 


*Hart, Henry Ey 
*Hart, tits 

Hart, John M. 
*Hartman, G. H. 
Harvey, A. F. 
Hatfield, Joshua A. 
Havemeyer, John F. 
Hayes, E. M 
*Hayes, H. R. 
*Hayes, James H. 
*Haynes, H. W. 
*Hays, G. O. 

Hays, W. C. 
Hazlett, A. J. 
_Hazlewood, Stuart 
*Healy, Ra Iph 
Hearne, William W. 
Heckscher, Ledyard 
“Heckscher, L., Jr. 
“Hedgeock, 'W.E. 
“Hedges, S. H. 
Heedy, H. i 
Heedy, H. W. 
Heffner, R. W. 
«Hegeman, Doe vite 
*Heilman, George 
“Helm, Harold H. 
Henry, A.S§. 
‘Henry, C.S. A. 
*Henry, James A. 
Henry, J. B. 

*Henry, J. 8. 

Hens aw, J. O. 
*Herington, Ogos 
*Herington, P. R. 
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*Herron, 8. D. 
Hettiger, E. P. 

*Hewetson, H. H. 
Heywood, C. E. 
Hickok, C. N. 
*Higgins, Daniel F. 
Higgins, Dean 


*Hillstrom, D. A. 

*Hilton, J. C. 

*Hines, E. G. 
Hobart, 8. O. 
Hoblitzelle, Harrison 

*Hodges, Clarence W. 


*Hoerle, C. 


Hoerle, Frank D. 
Hoffman, William L.: 
*Hoffmann, William 
Holding, J C. 
*Hollis, 8S. L. R. 
*Holloway, J. M. 
Holmes, C. O. 
*Holmes, J. E. 
Holt, LeRoy 
Holzworth, C. R. 
Holzworth, W. C. 
Honeycutt, J. V. 
Hook, Charles R. 
Hoopes, E. 8. 
Hoot, J. C. 
Hoover, 8. 
Horner, W. S8. 
Hosack, John P. 
Hotchkiss, C. W. 


Howard, Clarence H. 


*Howard, F. O. 
Howard, John J. 
Howell, Alfred C. 
Howell, Walter R. 

*Howgate, A. R. 
Hoyt, Elton, 2nd 

*Huber, Nelson C. 

*Huffard, J. B. 
Hufnagel, i. 43. 
Hughes, Edward E. 

*Hughes, George W. 
Hughes, H. L. 
Hughes, I. Lamont 

*Hughes, W..C. 
Hughes, William H. 

*Hulgrave, D. F. 
Hulst, John 
Hume, John E. N. 

*Hume, W. G. 

*Humphrey, G. M. 

*Hundt, William H. 

*Hunt, ‘A, BE. 

“Hunt, Afeteh 

*Hunter, Henry C. 
Hunter, John A. 


Huston, A. F. 
Huston, Frank R. 


*Huston, Norman 
*Hutchins, A. M. 


*Hutchinson, George 


Hutchinson, R. P. 
Hyatt, W. E. 


*Igoe, Andrew 
*Igoe, James 
Igoe, Peter 
Ingals, W. F. 
*Ingalls, G. H. 
Ingraham, F. 
*Treland, J. M. 
Irvin, W. A. 
Isham, Phillips 
Isley,-G. H. 
Ives, L. E. 


*Jackson, A. B. 


*Jackson, Daniel Dana 


*Jacobson, A. S 
Jameson, A. H. 
*Jameson, B. 
*Jameson, John D. 
*Jayne, D. W. 
*Jeffers, R. H. 


Jennings, R. E., 2nd 


*Jennings, 


Jenson, Kenneth R. 


Jewell, T. M 
Johnson, A. R. 
*Johnson, B. W. 
Johnson, Horace 


*Johnson, T. M. 
Johnston, C. T. 


Johnston, Ellis M. 


*Jones, Edwin A. 
*Jones, FE. H, 
*Jones, Frank W. 
*Jones, George W. 
Jones, Jat dbp 
Jones, I. O. 
Jones, J. D. 
Jones, J. M. 
Jones, L. J. 
*Jones, Lee 
*Jones, Lloyd 
*Jones, Marshall 
Jones, William S. 
*Jordan, F. S. 
*Jory, Robert 


Kagarise, John W. 


*Kallman, Paul J. 
Kalman, P. J. 


Kaltenbach, Robert W. 


*Kandt, Fred J. 


*Katz, H. H. 
*Kauffman, E. J. 
*Kearns, F. J. 


*Kerin, A.J. 

Kerr, D. G. 
*Ketcham, William 
*Kevan, J. W. 
*Kidd, W.S., Jr. 
AGlgore, R. M. 


*Rirkatrick, H. B. 
Klein, L. C. 

*Kloh, ” Alphonse 
Knapp, Harry F. 
*Knotts, George W. 
*Koch, H. L. 
*Koch, John J. 
*Konkle, Allan 


Konkle, Creighton M. 


*Koons, C. E. 
*Koven, L. O. 
*Kracke, F. J. H. 
Krantz, Arthur J. 
Kranz, 
*Kreutzberg, E.C. 
Kruesi, P. J 
Kuker, 8. 


*Lambert, S. M. 
*Lambie, CLA. 
Lamont, R. P. 
Landon, Frank H. 
*Landreth, R. N. 
*Lang, H. C. 
*Langdon, A. W. 
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Langenbach, tad A. 


*Langenbach, Ray T. 
LaPorte, Charles W. 
Larkin, J. K. 

*Laskey, F. J. 


*Laub, Gustav 


Laughlin, Geo. M., Jr. 


*Lawrence, John H. 
Lea, Robert C. 
Leach, J. T. 

*Lear, Oscar 
Ledbetter, Roy H. 

*Lee, 

Leet, George K. 
Lehman, Irvin F. 
Leichliter, Otto G. 
LeMay, Ernest D. 

*Lerew, J. W. 

*Lewis, George 8. 


Lewis, Richmond 
Lewis, Roy A. 
*Lilly de 
*Lindsay, Fred V. 
Linney, J. R 
*Linsley, J. L. 
Lippincott, James 
Lissberger, B 
*Livezey, B. M. 
*Llewellyn, Paul J. 
Locke, Wilbur Sargent 
Lockwood, Harry 8. 
*Lofberg, G. 


“Tonchead: Charles 
*Loughman, E. D 

*Lounsberry, F. B. 
*Loutrel, L. F. 


*Lowerre, T. P. 
*Lowther, John F. 
Lucas, George C. 
*Luckie, J. B. 
Lundie, John 
*Lundgren, Edwin 
Luria, Alex. L. 
Lustenberger, L. C. 
*Lynch, Warren J. 


MacArthur, A. 
MacArthur, D. 
MacCleary, W. A. 
MacCornack, Clyde 
MacGregor, H.B 
MacKenzie, C. 8. 
MacMurray, shes ep 
MacMurray 
MacQuigg, ine aie 


ea ees 


= 


*McAlarney, J. H. 
McAllister, Lloyd 
McAuliffe, J., Jr 
McBride, William 
McCauley, J. E. 
McCleary, E. T. 
McClurkin, Robert 
McConnell, M. F. 
McCormick, 8S. L. 
*McCreary, B. F. 
*McCue, J. O. 


* 


McDonald, Thomas 
McDonnell, E. J. 


McGrady, J. W. 
*McGraw, Frank 8. 
McGraw, T. H., Jr. 
*McGregor, H. L. 
McHose, Charles W. 
Mcllravy, W. N. 
*McInnes, Charles E. 
McIntyre, W. W. 
McKaig, W. Wallace 


* 


* 


McKean, Robert A. 
McKee, Arthur G. 
McKesson, J. 8. 
McKinney, Harry D. 
McKnight, Charles 


* * 


*McLaughlin, te 
*McLoughlin, A 
McManus, Charles E. 
*McMillan, W. W. 
MeMillen, A. K. 
*McMinn, John R. 
*McNally, E. J. 
*McNaughton, J. A. 
*McNulty, J. A. 
*McSkimmon, W. B. 
*Macdonald, A. E. 
Mace, A. W. 
Mackall, Paul 
*Mackenson, BH. 
*Mackintosh, H. 
*Maclurkan, Samuel 
Macon, W. W. 
*Magilton, A. L. 
Maguire, W. G. 
Mahon, R. V. 
Mahoney, J. N. 
Malone, H. B. 
Maltby, George A. 
Maltby, R. B. 
Manst, J. R. 
Manville, Tracy F. 
Marble, A. B. 
*Markey, Edward J. 
Markey, John J. 
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McGonagle, William A. 


*McKay, Capt. Wm. E. 


McKnight, Charles, Jr. 
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*Marquette, J. B. 
Marshall, J. F. 
Martin, C. W. 

*Massey, R. H. 
Mathews, J. A. 
Mathias, D. R. 
Mathias, W. G. 

*Matthiessen, C. H., Jr. 

*Maxwell, A. R. 
Maxwell, W. A., Jr. 
May, H 

*May, John. 

*Mead, A. B. 
Meaker, J. W. 
Meissner, CA: 

*Meissner, H. G. 

*Meloche, D. H. 

*Menzies, Vet Ee 

*Merica, P. D. 

*Mero, Harry J. 
Merriman, D. A. 
Merriman, W. G. 

*Messinger, C. W. 
Meyer, A. L. 
Meyers, F. 

*Miller, C. D. 
Miller, C. L. 

*Miller, Charles E. 
Miller, Chas. R., Jr. 

Miller, E. K. 

*Miller, Frank W. 

Miller, H. J. 

*Miller, J. A. Jr. 

Miller, Lawrence F. 


*Mimock, G. K. 
*Mitchell, George B. 
Mitchell, Harbour 
*Moeckel, JIC, 
Moffett, 'C. A. 
*Moffitt, H. H. 
*Mohr, O.K. 
Moise, B.C. 
Moler, William G. 
*Monks, J. J 
Monroe, Charles 
Moore, George W. 
Moore, H. K. 
Morgan, Arthur M. 
Morgan, G. H. 
*Morgan, Milton F. 
Moritz, T. E. 
Morris, William J. 
Morrison, as 
Morse, H. 8. 
Morton, R. K. 
Moses, Percival R. 
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*Mostyn, James F. 
*Motherwell, A. A. 
*Moul, Alfred Guy 
’ Mozier, M. L. 
Mueller, O. W. 
*Mulhall, W. F. 


Muller, W. F 
Mulqueen, F. J. 
Mundle, A. C. 
Munroe, Don 
Murray, J. J. 
Myers, H. C. 


%* & & * % 


Naugle, H. M. 
v *Neave, A. A. 
*Nelson, L. A. 
*Nessle, J. B. 
*Neubauer, J. L. 
Neudoerfer, J. L. 
*Newell, Sterling 
Newman, RK. 
Newton, H. B. 
*Niederwiesen, R. E. 
Niedringhaus, H. 
Nields, Benjamin, Jr. 
Nieman, Charles J. 
Niemann, C. F 
Nivison, Robert 
Norris, Alfred E. 
Norris, F. P. 
Norris, G. L. 


* 


Eoieiyrclay 


Norton, Frank L. 
*N orton, Rae 


*Oberhoffer, Paul 


Olcott, W. J. 
*Olin, F. W. 
*Oliver, Charles 


*Onatott, Hiley ie8 
Orrok, George A. 
ey Shea, B 
Ottesen, Fred 

*Outwater, H. T. 


*Padgett, J. E. 
*Pafenbach, GR 
*Palmer, L. C. 
Palmer, William P. 
Pargny, E. W. 
*Park, Earl S. 


*Muller, Clarence A. 


*Norton, Brownrigg L. 


Park, Laird U. 
Parker, Edward L. 
Parker, J. Heber 
Parrish, Frank 
*Parsons, Robert S. 
*Patterson, J. W. 
*Paulson, Mr. 
Payne, Leon F. 
*Paxton, William P. 
Pearson, H. B., Jr. 
Peck, Cds 
*Peck, Warner A. 
*Peck, W. E. 
Peffer, G. W. 
Pendleton, H. N. 
Pendleton, John 8. 
Pennock, C. A. 
Pepaill, G. T. 
Perkins, W. H. 
*Perkins, Wallace T. 
Perley, W. B. 
Perry, J. E. 
Perry, J. Lester 
Peters, Guy Hoffman 
Peters, Richard, Jr. 
*Peterson, Gustaf 
Petinot, N. 
*Pettinos, Charles E. 
Pettis, Clifton D. 


*Platt, Ao ee 
*Platt, Re D: 
*Plautt, Milton 
Pleasance, EE 
*Plummer, James 
*Poister, R. 8. 
*Pollock, Walter B. 
*Pomff, Guy 
Pond, Clarke P. 


*Prescott, Wn. 'B., Ahi 
Preston, Veryl 
*Price, D. E 

Price, EH. F 

Price, J. M. 

ePrice i: 
*Priestley, W. J. 
*Proudfoot, C. 8. 
*Pumphrey, E. D. 
Purnell, Frank 
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Quinn, Clement K. 


Rachals, Walter 
*Radeliffe, Lloyd 8. 
*Rafter, Edward 
*Ragei, A. J. 
*Raleigh, Charles J. 

Ramage, Wm. Haig 
*Ramsay, A. J. 

Ramsburg, Cade 

*Ramsey, George 

Rand, Charles F. 

Rawstome, C. D. ‘ 

aymond, Henry A. 

*Readman, H. ae 
*Reed, Carl 
*Reed, N. C. 

Reed, Walter S. 

Reese, J 
*Reese, L. V. 

-Reeves, Samuel J. 

Reiber, J. Louis 

Reid, G. H. 

Reid, Jobn I. 
*Reid, J. 8. 

Reilly, Edgar J. 

Reilly, W. C. 
*Reitler, Ivan 
*Remensnyder, E. 
*Resor, J. E. 

Reynders, J. V. W. 

Reynolds, T. 8. 

Rhodes, C. H. 

Richards, F. B. 
*Richards, George M. 
*Richards, W. L. 
*Richardson, H. C. 
*Riddell, John F., Jr. 

Riddle, L . 
een Ji. ce 

Ro F. Asdr: 

Poe ap ‘HL. 

Robertson, James D. 

Robinson, C. 8. 

Robinson, H. E. 
*Robinson, L. W., Jr. 

Robinson, T. W 
*Robinson, W. B. 
*Rochester, R. K. 
Rodman, C. W. 

Roemer, Henry A. 

Roesch, J. A., Jr. 
*Rogers, Jee 

Rogers, W. 8. 

*Root, Francis Jerome 

Rose, George E. 
*Rosenberger, EH. W. 

Rosenkranz, Max 
*Roser, C re 
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*Ross, Robert 
*Ross, W. J. 

Routh, George E. 
*Routh, George R., Jr. 
*Rowe, H. E. 
*Rowe, Walter L. 

Ruder, W. E. 
*Ruehe, Frank 

Rugg, ’D. M. 
*Runkle, K. H. 
*Runyon, R. E. 
*Rushmore, George C. 
*Russell, A. G. 
*Russell, Wael 

Rust, H. B. 

Rust, S. M. 

Rust, W. F. 
*Rutherford, W.S. 

Ryerson, Donald M. 

Ryerson, Joseph T. 

Rys, C. F. W. 


*Sager, F. W. 
St. Clair, Frank G. 


*Saklatwalla, Dr. B. D. 


*Samuels, L. R. 
*Sanderson, H. M. 
*Santry, Joseph B. 
Satterthwaite, George 
Savage, Jos. F. 
Sawyer, H. N. 
*Saxman, M. W., Sr. 
*Saxman, M. W., Jr. 
Schaefer, Philip 
*Schaefer, W. EH. 
*Schaff, F’. A. 
Schiller, William B. 
*Schley, Kenneth B. 
Schmid, M. H. 
Schoedinger, F. O. 
*Scholl, William 
*Schoonmaker, A. 
*Schultze, Paul 
Schwab, Charles M. 
*Schwep, C. F. 
Scofield, C. E. 
*Scott, F. L. 

Scott, George C. 
Scott, H. B. 

Scott, W. W., Jr. 
*Seeton, George W. 
*Sexton, Isaac 
Shallock, Edward W. 
*Shannon, R. W. 
,Shants, Le aul 
*Sheers, G. B. 
Sheldon, E. W. 
Sheldon, S. B. 
,Shepardson, J. W. 
Paes Walter 
Shick, F 

*Shilliday, ‘William 


Shoffstall, A. 8. 
Short, George W. 
*Shoudy, William 


*Sinnott, W. C. 
*Simpson, K. D. 
Simson, George F. 
Sinclair, Duncan, G. 
*Sippel, W. V 
*Siragusa, A. 

Sites, F. R. 

*Sitler, J. M. 
*Skelly, J. T. 
Skewis, J. R., Jr. 
*Skinner, M. G. 
Slater, James A. 
Sleicher, C. A. 
*Sleicher, H. 8. 
Slocum, Frank S. 
Smith, Austin D. 
Smith, A. W. 
*Smith, Bert 

Smith, Blaine 8. 
*Smith, David H. 
*Smith, Dudley J. 
Smith, Floyd K. 
*Smith, Harold C. 
*Smith, Leland B. 
Smith, Lewis R. 
*Smith, HG, 
*Smith, Montgomery 
*Smith, RR. 
Smith, Samuel Lewis 
*Smith, Theodore 
*Smith, W. C. 
*Smyth, W. B. 
*Snellgrove, W. E. 
*Snodgrass, H. E. 
Snyder, George T. 
Snyder, Q.8. 
Snyder, Win. P., sir. 


Soderberg, Andrew W. 


Solomon, Max 
Somers, Joseph T. 
*Southwell, Ro dk 
Spackman, G. D. 


Sparhawk, Edward M. 


Speller, F. N. 
“Spencer, A. Gy 
“Spencer, M. P. 
Spilsbury, H. G, 
Sproull, EB. T. 
Stafford, Samuel G. 


Stambaugh, Hoan 


*Standard, R. W., Tr. 
*Standard, W. E. 
Stanley, R.C. 
*Stapleton, L. D. 
Stebbins, H. §. 
Steel, Charles @) 
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Steif, E. A. 
*Stengel, Alfred F. 

Stephenson, B. 8S. 
*Stephenson, E. W. 
*Stevens, R. P. 

Stevenson, M. R. 
*Stewart, Henry 
*Stewart, L. R. 
*Stewart, W. H. 

Stich, George I. 
*Stieglitz, A. G. 

Stoddard, H. G. 
*Stoddard, Robert W. 

Stoltz, G. E. 

Stone, E. E. 

Stoop, W. J. 
*Stoppenbach, F. E. 
*Stover, Holly 

Stratton, W. H. 
*Straub, F. E. 

Strong, James B. 
*Stuart, Quin W. 
*Sturtevant, Paul 

Sullivan, G. M. 

Sullivan, George R. 

Sullivan, W. J. 

Sully, R. A. 

Sussman, Julius L. 

Sutcliffe, Elbert Gary 

Sutherland, W. C. 
*Swain, J. 

Swann, Theodore 
*Swartwout, E. W. 

Swartz, Alfred H. 

Swartz, Daniel F. 

Sweet, W. A. 

Swindell, E. H. 


Tamplin, William C. 
*Taubensee, H. A. 
Taylerson, Ewart 8. 
*Taylor, Carl D. 
*Taylor, C. G. 
Taylor, Clifton 
*Taylor, H. A. 
*Taylor, Joseph 
Taylor, ee 
Temple, T. D. 
Thomas, A. J. 
*Thomas, Charles A. 
Thomas, C. E. 
Thomas, Edwin B. 
Thomas, E. P. 
*Thomas, J. H. 
Thomas, L. E. 
Thompson, David P. 
Thompson, E. D. 
*Thompson, George M. 
Thompson, J. F 
*Thompson, J. I. 
*Thomson, L. 8. 
*Thomson, W. Paton 
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Thorp, George G. 
Tiemann, Hugh P 
*Tierney, Jack 
*Tirman, Albert 
*Titcomb, George EB. 
*Tobin, C. Stuart 
*Tobitt, F. A. 

Todd, William B. 


*Tolan, Clarence C., Jr. 


*Tompkins, M. F. 
Towne, Tom 
Townsend, A. J. 
Trabold, Frank W. 

*Tracy, Stanley 
Trainer, W. B. 

*Treiber, F. J. 

*Triali, Mr. 
Trimble, H. N. 

*Tucker, F. J. 
Tucker, J. O. 
Tucker, R. 8. 

*Tulloch, J. R. 


*Tyroler, Mark L. 


Unger, J. S. 
Uphouse, H. G. 
*Usher, H. L. 
Utley, S. W. 


*VanAckeren, Joseph 
VanCleve, A. E 
*VanCott, L. 
*Vanderbilt, J. B. 
*Vandervort, F. F. 
Vann, J. A. 
*Vanneck, John 
VanSchaick, A. P. 
*Van Vleck, W. Hi. 
*Vaughan, E. B. 
*Vaughn, W. C. 
Velte, Ralph C. 
*Voelker, J. A. 
Vogt, A. W. 

Voigt, Paul F., Jr. 
*Voorhees, C. S. 
Vosmer, William F’. 
Voyer, L. J 


Waddell, Jacob D. 
*Wadhams, A. J. 


*Waener, E. 


*Wales, William Q. 
*Walker, G. B. 
*Walker, J. M. 
*Wallis, W. B. 
*Walsh, C. E. . 
Walters, F. W. 
*Walters, L. D. 
*Ward, Charles J. 
Ward, F. F. 
*Ward, Howard B. 
Ward, J. H. . 
Ward, T. C. 
*Warley, H. W. 
Warren, J. B. 
Warren, W. H. 
*Washington, J. M. 
Waterman, F. M. 
Watkins, William J. 
*Watson, G. E. 
Watson, W. E. 
Wayland-Smith, R. 
pleas Joseph A. 
Wean, R 
Weaver, James S. 
*Weaver, W. L. 
Webb, E. H. 


Wells, Robert G. 
Wendell, C. A. 
*West, fd. 

West, James G., Jr. 
Weston, W. B. 
*Wetstein, E. L. 
*Wetzel, J. E. 
*Weymouth, C. A. 
Weymouth, F. A. 
Wheeler, Andrew 


Wheelwright, Thos. 8S. 


*Wherry, W. G. 
*Whitaker, H. A. 
*White, C. 8S. 
*White, Mr. 
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*Whitehead, J. J. 
Whitgrove, Frank J. 
*Whiting, C. W. 
*Whitman, W. L. 
Whitworth, E. A. 
*Wiewel, W. H. 
*Wight, 8. B. 
*Wilder, De Re 
Wiley, Brent 
Wilkin, John T. 
Wilkinson, Jal ise 
Willcox, F. H. 
*Willets, Ce Ry 
*Williams, C. H. 
Williams, D. A. 
Williams, H. D. 
*Williams, Ralph B. 
Williams, William H. 
Williams, W. W. 
Willock, 8S. R. 
*Wilson, ’ Allan M. - 
*Wilson, C. E. 
Wilson, Parker 

; Wilson, W.C. 
*Wing, W.S. 
Wolcott, R. W. 
Wolhaupter, Benjamin 
*Wolf, D. O. 

Wood, Charles L. 
*Wood, D. Hewitt © 
*Wood, Heath 
Wood, John T. 
*Wood, Warren 
Woods, John E. 
Woods, Leonard G. 
Woolley, C. M. 
Worth, E. H. 
Worth, W. A. 
_Worton, S. G. 
*Wotherspoon, W. L. 
*Wright, George 
Wright, William H. 
"Wyckoff, B. 
Wysor, R. J. 


*Yohe, C. M. 
Younglove, E. H. 


*Zepfler, Louis 
*Ziegler, A. Addis 
Ziesing, August 
*Ziesing, H. H 
*Zinmerman, HE. H. 
Zimmerman, R. E. 
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A. N. DIEHL’S PAPER 
Basic Open-Hearth Steel Practice 
TABLE 3 
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